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PREFACE  TO  VOL.  II. 

The  aim  which  the  Authors  have  set  before  themselves  in 
treating  of  the  Metals  and  their  Compounds  is  the  same  as 
that  which  they  proposed  in  tiie  discussion  of  the  Non-Metallic 
Elements.  Owing,  however,  to  the  large  number  of  the  Metals 
and  their  Salts,  the  description  of  these  latter  could  not,  within 
practicable  limits,  be  made  so  complete  as  is  possible  in  the 
case  of  the  Non-Metallic  Compounds.  Hence  the  Authors,  whilst 
giving  the  characteristic  properties  of  each  metal,  have  been 
obliged  to  restrict  their  notice  to  those  compounds  which 
possess  the  greatest  interest  either  of  a  theoretical  or  practical 
kind. 

Due  attention  has  been  paid  to  the  more  important  technical 
processes  connected  with  Metallurgy,  and  no  pains  have  been 
spared  to  assist  the  description  of  such  processes  by  Drawings  of 

the  most  modem  forms  of  apparatus  and  plant. 

« 

As  an  illustration  of  this  the  Authors  would  refer  to  the 
Chapter  on  the  Soda  and  Glass  Manufactures  in  Fart  I.,  and 
to  the  Metallurgy  of  Iron  in  Part  TI. 
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At  the  end  of  the  volume  will  be  found  shoi-t  Chapters  on 
the  Classification  of  the  Elements ;  on  Spectrum  Analysis,  so 
far  as  the  detection  of  terrestrial  matter  is  concerned;  and 
on  the  Condensation  of  the  so-called  Permanent  Gases,  a 
result  which  has  been  achieved  since  the  publication  of  the 
First  Volume. 

UiNcncsTCB,  Sq)(«mber  1870. 
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VOLUME  II.— PART  II. 

• 
METALS  OF  THE  IRON  GKOUP. 

Manganese.  Cobalt. 

Iron.  Nickel 

31a  The  monoxides  of  these  metals  are  basic  oxides,  whose 
sulphates  form  double  salts  with  the  sulphates  of  the  alkali 
metals,  and  these  are  isomorphous  with  the  double  sulphates  of 
the  magnesium  group.  The  metals  of  this  group  are  also  con- 
nected with  those  of  the  foregoing  group,  inasmuch  as  manga- 
nese and  iron  form  sesquioxides,  which  act  as  feebly  basic  oxides, 
whilst  their  sulphates  form  alums  with  the  sulphates  of  the 
alkali  metals.  Tlie  sesquioxides  of  nickel  and  cobalt,  on  the 
other  hand,  act  as  peroxides.  In  addition  to  these,  certain  acid- 
forming  oxides,  or  their  corresponding  acids,  are  also  formed  by 
the  metals  of  this  group. 

MANGANESE,   Mn.  «  54-8. 

313  Black  oxide  of  manganese,  manganese  dioxide,  or  pyro- 
lusite,  was  known  in  early  times,  but  for  a  long  period  this 
compound  was  confounded  with  magnetic  iron  ore,  and  this 
fact  explains  the  statement  of  Pliny  that  loadstone  was  em- 
ployed in  the  mtmufacture  of  glass  for  the  purpose  of  removing 
or  attracting  the  impurities  or  colouring  matters  out  of  the 
glass.  He  distinguished  moreover  several  kinds  of  magnes ; 
one  of  these,  which  is  of  the  feminine  gender,  does  not  attract 
iron:  "magnes  qui  niger  est  et  feminei  sexus,  ideoque  sine 
83 
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viribus."  This  probably  was  manganese  dioxide.  Tlie  derivation 
of  the  word  inagtiet  appears  to  be  doubtliiL  In  the  middle 
ages  loadstone  was  distinguished  as  magnes,  or  maffnesiits  lapU. 
Pyrolusite  however  was  termed  jnagnema  probably  because 
Pliny  had  already  pointed  out  the  existence  of  two  species 
of  loadstone.  Basil  Valentine,  too,  as  well  as  many  later 
chemists,  believed  it  to  be  an  ore  of  iron.  They  likewise 
mention  its  use  in  glass-making,  and  in  the  Latin  manuscripts 
of  the  sixteenth  century  it  is  designated  by  the  term  lapis 
maTujafiensi^,  or  sinnlar  names. 

In  1740  Pott,  in  his  treatise  entitled  "  Examen  rhijwicnm 
mngncsia  vUrariorum,  Gi'rmanu  Bravnstfin','  proved  that  the 
bhick  oxide  of  manganese  does  not  contain  iron,  and  that  from 
it  a  definite  series  of  salts  can  be  obtained.  He  did  not,  liowever, 
suggest  that*it  contained  a  new  metal.  Sclieele's  celebrated 
investigations  on  manganese  were  published  in  the  year  1774 
In  these  he  showed  that  the  mineral  manganese  possesses  a 
strong  attraction  for  phlogiston,  and  that  it  takes  this  substance 
up,  uniting  with  acids  to  form  colourless  salts ;  this  being  ex- 
]ilained,  according  to  our  present  views,  by  tiie  fact  that  it  gives 
off  oxygen.  On  the  other  hand,  the  solutions  of  manganese 
which  do  not  contain  phlogiston  were  shown  to  be  coloured. 
Schecle  believed  that  the  earth  contained  in  this  mineral 
resembled  lime ;  but  in  tlie  above-mentioned  year  Bergman, 
founding  his  deductions  upon  Scheelo's  experiments,  came  to  the 
conclusion  timt  manganese  is  probably  the  calx  of  a  new  metal, 
inasnmch  as  it  colours  glass,  and  its  solutions  are  precipitated 
by  prussiate  of  potash,  these  being  reactions  common  to  the 
metallic  calces.  Gahn  was  however  the  first  to  isolate  the  new 
metal.  In  Germany  this  M'as  called  Braunstein-konig  or 
Braun.stein-metal.  In  other  languages,  in  which  braunstein  was 
termed  marfiifsia  hujit,  in  order  to  distinguish  it  from  magnesia 
alba,  the  metal  was  called  manganese  or  manganesium. 

Manganese  chieHy  occurs  in  nature  as  the  dioxide  or  pyrolu- 
site, JlnO,.  It  is  also  found  in  the  following  minerals  :  brauiute, 
MujOj ;  hausmannite,  Mn^O^ ;  psilomclane,  (MnBa)O  -H  MnOj ; 
manganite,Mnj02(OH)2 ;  rhodocrozite  or  manganese- spar,  MnCO,, 
which  also  occurs  frequently  as  au  isomorphous  constituent  in 
ferrous  carbonate  and  other  similar  minerals.  Manganese  also 
occurs  as  alabanite  or  sulphide  of  manganese,  MnS ;  and  hauerite, 
or  manganese  disulphide,  MnS^,.  Manganese  likewise  forms  an 
essential  constituent  of  many  other  minerals,  although  only 
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ccurring  in  them  in  small  quantity.    Thus,  for  instance,  most 

P«ilicat€S  contain   manganese,  which  frequently  imparts  to  them 

their  peculiar  colour.     By  means  of  these  minerals  the  metal 

manganese  passes  into  the  soil,  whence  it  is  absorbed  in  small 

quantities  into  the  bodies  of  plants  and  animals. 

314  Prrparation  of  Metallic  Manganese.  The  higher  oxides  of 
'^manganese  are  reduced  to  manganese  monoxide  when  they  are 
heated  to  redness,  the  metal  not  being  formed  either  when  the 
)xide  is  heated  alone  or  mixed  with  charcoal  iu  a  current  of  hydro- 
jen,  until  the  temperature  rises  to  a  white-heat.     The  original 
method  of  preparing  the  metal,  proposed  by  John,*  depends  upon 
this  fact.     Finely-dinded  oxide  of  manganese,  obtained  by  the 
calcination  of  the  carbonate  in  a  covered  crucible,  is  well  mixed 
with  carlwn,  and  the  mixture  formed  into  a  paste  with  oil ;   the 
paste  is  then  introduced  into  a  crucible  lined  with  charcoal,  and 
[the  upper  portion  completely  filled  with  powdered  charcoal.    The 
crucible  is  first  heated  to  redness  for  half-an-bour  to  solidify  the 
B,  after  which  the  cover  is  carefully  luted  down,  and  the  whole 
»sed  in  a  wind  furnace  for  an  liour-and-a-half  to  the  highest 
Itemperature  which  the  crucil:)le  can  support  without  fusing.    The 
ITegulus  thus  prepared  contains  both  carbon  and  silicon  derived 
rfrom  the  ashes  of  the  wood  charcoaL     By  igniting  the  metal  a 
second  time  in  a  charcoal  crucible  with  some  borax  it  was  ob- 
jtained  by  John  in  a  more  fusible  and  brilliant  state,  and  so  free 
rom  carbon  that  it  left  no  black  residue  when  treated  with  an  acid. 
Deville's'  method  consists  in  mixing  red  manganese  oxide, 
'  MujO^,  prepared  by  heating  the  artificial  dioxide,  with  sugar  char- 
coal insuthcient  in  quantity  for  complete  reduction.  The  mixture 
fis  placed  in  a  doubly-lined  crucible  and  heated  to  whiteness. 
Tlie  regulus  obtained  is  coated  with  a  violet  crystalline  mass 
J  which  appears  to  be  calcium-manganese  spinelle,  CaO.MnO,. 

Hugo  Tamm,'  who  has  made  a  number  of  experiments  on  the 
preparation  of  the  metal  on  the  large  scale,  suggests  the  follow- 
ing as  the  best  method  of  preparation.  A  flux  is  prepared  of 
twenty  parts  of  powdered  soda-lime  glass  and  seven  parts  of 
fluor-spar ;  six  parts  of  this  mixture  are  then  added  to  one  part 
of  lampblack  and  eleven  parts  of  powdered  black  oxide  of 
manganese.  The  mass  is  heated  in  a  plnmbago  crucible  which 
has  been  lined  with  a  mixture  of  three  parts  of  graphite  and 
one  part  of  fire-clay,  and  this  is  then  intensely  ignited  in  a  wind 


>  Gehlen's  Jourti.  Chem.  Phyt.  Hi.  452. 
»  Ann.  Chiin.  Pkyt.  [S],  xlvu  182. 


•  Oum.  Xewt,  1872,  111. 
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furnace.  A  green  slag  termed  " green  flux"  is  obtained  in  this 
operation,  together  with  metallic  manganese,  and  this  flux  serves 
for  a  fresh  operation.  Seven  parts  of  this  flux  are  nuxed  with 
ten  parts  of  the  best  manganese  dioxide,  one  part  of  lampblack, 
and  some  oil  The  mass  is  brought  into  a  similar  crucible, 
covered  with  a  thick  piece  of  wood,  and  the  cover  luted  down, 
a  small  opening  being  left  for  the  escape  of  the  gases  which  are 
evolved.  It  is  first  heated  gently  and  then  ignited  at  a  white- 
heat  for  several  hours.  In  this  way  four  parts  of  impure  manga- 
nese metal  are  obtained,  which  is  found  to  be  covered  with  a 
grey  slag  which  may  be  employed  for  further  melting  operations, 
especially  if  some  of  the  first  flux  be  added. 

This  impure  manganese,  termed  cast-manganese,  contains  a 
variety  of  impurities.  A  specimen  of  pyrolusite  containing 
50'5  per  cent,  of  manganese,  and  35  per  cent,  of  iron  gave  a 
r^ulus  having  the  following  composition  : — 

Manganese 9690 

Iron 105 

Aluminium 010 

Calcium 005 

Phosphorus 0'05 

Sulphur 005 

Silicon 0-85 

Carbon 0-95 

100-00 

After  fusion  with  half  its  "weight  of  manganese  carbonate  the 
above  regulus  yielded  a  product  possessing  the  following  com- 
I'osition : — 

Manganese 99'910 

Iron 0-050 

Silicon 0015 

Carbon 0025 


100-000 


Jordan  ^  describes  a  method  of  preparing  metallic  manganese 
on  a  large  scale  by  treating  manganese  ores  in  a  blast  furnace. 
The  metal  obtained  is  cast-manganese,  containing  eighty-five  per 
cent  of  manganese,  six  per  cent,  of  carbon,  eight  per  cent,  of  iron, 
and  traces  of  silicon,  sulphur,  and  phosphorus. 

*  Compte*  7i#nrfiA9,  IxTJtvi.  1374. 


Another  process  of  iireparing  the  metal,  proposed  by  Brunner,' 
consists  in  igniting  a  mixture  of  fluor-spar  and  chloride  of  man- 
ganese with  metallic  sodium.  The  metal  may  also  be  obtained 
by  the  electrolysis  of  a  concentrated  solution  of  the  chloride 
accoi-ding  to  the  process  described  by  Buiisen.* 

Propfrtics.  Pure  manganese,  obtained  by  the  reduction  process, 
is  a  grey  or  reddish-white  metal,  having  the  colour  and  appear- 
ance of  cast-iron.  It  is  very  hard  and  brittle,  has  a  specific 
gravity  of  about  80,  and  oxidises  so  easily  in  the  air  that  it 
I  must  be  kept  under  rock-oil  or  in  well-sealed  vessels.  Cast- 
I       manganese   containing  iron  is  however  unalterable  in  the  air. 

fltlanganese  is  extremely  soluble  in  all  dilute  acids,  and  de- 
composes in  warm  water  with  evolution  of  hydrogen.  It  melts 
at  a  white  heat. 


Alloys  of  Mangankse. 


The  alloys  of  manganese  and  copper  closely  resemble  those  of 
tin  and  copper.*  Those  which  contain  from  five  to  eight  per 
cent  of  manganese  are  malleable,  but  those  in  which  a  higher 
■percentage  of  manganese  is  present  become  grey  and  brittle. 
Alloys  of  manganese,  copper,  and  zinc  closely  resemble  German 
silver,  and  may  serve  as  a  substitute  for  this  substance.*  They 
are  obtained  by  melting  mixtures  of  the  oxides  with  carbon. 


MANGANESE  AND   OXYGEN. 


of   oxides,  of  which   the 


315  Manganese    forms    a   series 
following  are  the  best  defined : — 

Manganese  monoxide,  MnO. 
Red  manganese  oxide,  llugO,. 
Manganese  sesquioxide,  Mn^Oj. 
Manganese  dioxide  or  peroxide,  MnOj. 
Manganese  heptoxide,  Mn^Oj. 

The  first  of  these  is  a  powerful  basic  oxide ;  the  last  is  an 
1  acid-forming  oxide,  yielding  permanganic  acid,  HMnO^,  when 
brought  into  contact  with  water.  The  three  intermediate  oxides 
ure  feebly  basic,  and  amongst  these  the  peroxide  also  acts  as  a 
[  weak  acid.  In  addition  to  these,  we  are  acquainted  with  the 
[salts  of  manganic  acid,  ILMnO^,  but  tlie  acid  itself,  as  well  as 
[  the  oxide  corresponding  to  it,  has  not  been  isolated. 

'  Pogg.  Ann,  cL  iH.  '  Ibid.  xfii.  619. 

•  Valencieunes,  Cvinpl.  Ittnd.  \xx.  (SOT.  *  Allen,  Cheiii.  N'wrt,  %x\\.  194. 
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316  Manganovs  Oxide,  or  Manganese  Monoxide,  MnO,  is  best 
prepared  by  fusing  together  a  mixture  of  equal  parts  of 
anhydrous  manganese  chloride  and  sodium  carbonate,  to  which 
some  sal-ammoniac  has  been  added,  and  lixiviating  the  fused 
mass  with  water.*  It  is  also  obtained  when  a  higher  oxide  or 
the  carbonate  is  ignited  in  a  current  of  hydrogen.  Manganoua 
oxide  is  a  greyish-green  powder,  which  fuses  at  a  white-heat 
without  loss  of  oxygen.  It  has  a  specific  gravity  of  50'J. 
When  the  powdered  oxide  is  heated  in  an  atmosphere  of 
hydrogen  containing  a  very  small  quantity  of  hydrochloric  acid, 
it  is  obtained  crystallised  in  transparent  regular  octohedrons  of 
an  emerald-green  colour  and  an  adamantine  lustre.* 

Manganous  Hydrate,  Mn(0H)2,  is  obtained  as  a  white  pre- 
cipitate when  caustic  alkali  is  added  to  the  solution  of  a 
manganese  salt.  As  it  oxidises  rapidly  in  the  air,  assuming  a 
brown  colour,  it  must  be  precipitated  in  an  atmosphere  free 
from  oxygen,  and  dried  at  a  niodemte  heat  in  a  current  of 
hydrogen  gas.  The  powder  thus  obtained  is  frequently  pyro- 
phoric,  and  when  touched  with  a  piece  of  red-hot  charcoal  it 
begins  to  glow  at  the  point  of  contact,  the  oxidation  proceeding 
rapidly  throughout  the  mass. 

Mitnganous  Chloride,  MnCl,,  is  formed  when  the  metal  is 
bniTt  in  chlorine  gas,  or  when  hydrochloric  acid  is  passed  over 
heated  manganous  c^irbonate.  Prepared  in  this  way  manganese 
chloride  is  a  pale  rose-coloured  mass,  having  a  lamino-crystalline 
structure.  When  heated  to  redness  it  fuses  to  an  oily  liquid, 
and  decomposes  in  moist  air  with  formation  of  hydrochloric 
acid  and  the  oxides  of  manganese.  Manganese  chloride  is 
obtained  in  solution  by  dissolving  the  carbonate  or  any  of  the 
oxides  in  hydiochloric  acid.  For  this  purpose  the  residues 
from  the  preparation  of  chlorine  by  means  of  pyrolusito 
and  hydrochloric  acid  may  be  utilised.  These  are  always 
colourt'd  yellow,  from  the  presence  of  ferric  chloride,  and 
contain  an  excess  of  acid.  They  must  be  evaporated  to  drive 
off  the  acid,  then  diluted  with  water,  and  a  quarter  of  the 
solution  precipitated  with  sodium  carbonate.    The  precipitate. 


« 


*  Liebig  and  Wbhier,  Po<}g.  Ann.  xxi.  684, 

•  DevilTe,  Comiil.  Raul.  Uu.  189. 
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which  consists  of  manganese  carbonate  and  ferric  hydrate,  is 
then  well  washed  with  hot  water  aiid  boiled  with  the  remainder 
of  the  liquid.     Uy  this  means  the  whole  of  the  iron  is  pre- 

tcipitated  as   ferric  oxide,  and  in  order  to  ascertain  that  the 
[irecipitation  of  the  iron  is  complete,  a  small  portion  of  tht- 
iquid   is   filtered   off  and   a  drop  or  two  of  ferrocynnide  of 
potassium  added ;  if  free  from  iron  only  a  white  precipitate  will 
be  formed ;  if,  however,  the  precipitate  has  a  bluish  colour,  iron 
is  still  contained  in  solution,  and  the  liquid  requires  to  be  boiled 
for  a  longer  time  with  manganese  carbonate.     The  filtrate  may 
contain  copper,  barium,  and  calcium.     The  first  of  these  metals 
is   removed   by   passing   a  current  of   sulpiiuretted   hydrogen 
through  the  liquid.     If  the  latter  two  metals  are  present  the 
manganese  is  best  precipitated  by  sulphide  of  ammonium,  the 
precipitate  well  washed  with  hot  water,  nnd  then  dissolved  in 
J  hydrochloric  acid.     On  evaporation,  the  concentrated  solution 
leposits  between   15"  and  20'  light  pink-coloured  monoclinic 
(rstals  of  the  hydrated  chloride  MnClj  +  4H2O.  According  to 
larignac '  crystals  are  sometimes  ol>tained  of  the  same  composi- 
ion  at  a  lower  temperature  ;  these  also  belong  to  the  monoclinie 
^stem  but  are  of  a  different  form,  being  isoniorphous  with  those 
hydrated  ferrous  chloride,  FeClj  +  4H._,0.     The  cr}'stals  lose 
two  molecules    of   water  when  placed    over   sulphuric    acid 

I  (Graham),  and  when  heated  they  fuse  at  87°'5  to  a  clear  liquid. 
One  hundred  parts  of  water  dissolves  according  to  Braudes : 


At 
MnClj  +  4H,0 


loO 


81» 

270 


625  parts. 


The  solubility  does  not  increase  above  62'''5,  the  concentrated 

pink  solution  is  syrupy,  and  the  solution  boils  at  10ti°,     This 

It  is  also  soluble   in  alcohol  with   a  green    colour,  and  tlie 

lalcoliolic  solution  burns  on  ignition  with  a  red  flame.    Manganese 

thloride  fonns  double  salts  witli   the  chlorides  of  the  alkali 

Fmutals. 

M'lTignnws   h'romule,   MnBr,,   is    obtained    by  heating    the 

tpowdeitd  metal  in  bromine  vapour,  and  when  the  compound  is 

ftiftud  it  is  dbtained  as  a  pale-red  mass.     When  the  carbonate  is 

iissolved  in  hydrobromic  acid  the  hydrated  bromide,  MuBr2  + 

m,0,  is  obtained,  and  this  has  been  found  by  Marignac  to  be 

[bomorphons  with  tlie  ordinary  form  of  the  chloride. 

Mawjanous  Iodide,    MnljH-iH^O,    is    obtained    crystallised 
'  Compta  lierulun,  xlv.  050. 
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in  colourless  deliquescent  needles,  which  become  coloured 
brown  on  exposure  to  Jiir.  By  careful  drying  the  compound 
may  be  obtained  iu  the  anhydrous  state  as  a  white  crystalline 
mass  which  can  be  fused  in  absence  of  air  and  oxidises  on 
exposure  to  the  atmosphere,  with  evolution  of  iodine  vapours. 

Maitganous  Fliwvidt,  MnFj,  ia   obtained   by   dissolving   the 
carbonate  in  hydrofluoric  acid,  the  compound  being  deposited 
on  evaporation  iu  distinct  amethyst-coloured  crystals,  which  are 
insoluble  iu  pure  water,  but  dissolve  iu  water  coutaiuiug  free  ^^ 
hycb'oduoric  aoid.  ^^| 

317  Mavflrinous  Sulphate,  MnSO^,  is  best  prepared  by  mixing  ^1 
commercial  black  oxide  of  manganese  to  a  paste  with  sulphuric 
acid  and  heating  the  mixture  in  a  crucible  to  strong  redness 
when  the  great^^r  part  of  the  iron  sulphate  is  destroyed.  Tlie 
filtrate  obtained  after  lixiviating  the  residue  is  then  heated  with 
a  small  quantity  of  manganous  carbonate  in  oider  to  precipitate 
the  last  traces  of  iron.  If  the  concentrated  solution  of  the  salt 
be  allowed  to  evaporate  at  a  temperature  below  6"  rhombic 
crystals,  having  the  composition  MnSO^  +  7H^0,  are  deposited, 
and  these  are  isomorphous  with  ferrous  sulphate.  Between 
T  and  20°,  crystals  are  deposited  having  the  composition 
MnSO^  +  5HjO,  and  these  are  isomorphous  with  copper  sulphate 
(Mitscherlich,  Eegnault).  At  a  temperature  of  from  20"  to  30' 
tran.sparent  rose-coloured  quadratic  crystals  or  large  colourless 
prisms,  having  the  composition  MnS04  +  4H20,  are  deposited, 
which  possess  a  specific  gravity  of  2'0!J2  (Kopp) ;  at  the  same 
time  a  crystalline  crust  of  a  salt  having  the  composition 
MnS04-j-:3H,>0  is  formed.  "When  these  hydr.ates  are  lieated 
to  200°,  or  when  a  concentrated  aqueous  solution  is  boiled,  the 
anhydrous  salt,  MnSO^.  is  deposited  as  a  reddish-yellow  powder 
(Graham),  wliich  becomes  colourle.'o  at  a  higJier  temperature.  It 
possesses  a  specitic  gravity  of  ol,  and  is  decomposed  at  a  bright 
red-heat,  leaving  a  residue  of  red  oxide  of  manganese.  A 
solution  saturated  at  6°  contains  3G  pi;r  cent,  of  the  anhydrous 
salt,  and  boils  at  102°.  The  salt  containing  iour  molecules  of 
water  is  more  soluble  in  cold  tlian  in  boiling  water,  and  when  its 
concentrated  solution  is  heated,  a  crystalline  crust  separates  out, 
and  this  on  cooling  again  dissolves.  Tliis  peculiarity  depends 
upon  the  formation  of  the  different  hydrated  salts.  According 
to  Brandes  100  parts  of  water  dissolve : 

At  6'  W  7S*  mi' 

MnS0,-t-4H,0        113  1265  145  927  parts. 


MANGANOUS  SALTS. 


o 


ilanganous  sulphate  ia  insoluble  in  absolute  alcohol,  this 
liquid  removing  a  portion  of  the  water  from  the  hydrates. 
Finely  crystalline  double  sulphates  are  formed  when  manganoua 
sulphate  and  the  suljihates  of  the  alkali-metals  are  crystallised 

tgether,  and  these  ai*  isomorphous  with  the  corresponding  salts 
foruied  by  magnesium  and  by  copper. 

Muiiijanous  Aluminium  Sulphole,  ^inS0^+A\<,^S0^)g  +  2iTlJ0. 
Tliis  substance  occurs  as  the  mineral  apjohnite  found  in  Algoa 
Bay  in  South  Africa.' 

Mangnnous  Dithionatc,  MnSjO,,  +  3Hj,0.  This  salt  is  of  interest 

asmuch  as  it  is  employed  for  the  preparation  of  dithionic  acid 
{\o\.  I.  page  350).  It  is  obtained  by  passing  sulphur  dioxide 
through  water  in  which  finely-divided  manganese  dioxide  is 
suspended.  The  solution  always  contains  a  small  quantity  of 
manganese  sulphate,  and  for  this  reason  baryta  water  is  added 
as  long  as  a  precipitate  is  formed.     Manganese   dithionate  ia 

eposited  in  easily  soluble  rhombohednd  crystals. 
Miirjfcinmis  Nitrate,  Mn(NOg)j+ liH^O,  crystallises  with  diffi- 
culty in  white  Heliquescent  needles  which  readily  dissolve  in 

ilcohol.     The  salt  melts  on  heating,  and  the  liquid  boils  at 

2n°'5,  at  which  temperature  a  black  deposit  of  manganese 
oxide  is  formed. 

318  Manganoits  Phosphates.     These  salts  have  been  investi- 

;at€d  by  Heiutz,'  Debray,^  Bodecker,*  and  Erlenraeyer.*     The 

ormal  manganous  orthophosphate,  AhijfPO^)^^-  7HjO,  is  a  white 
imperfectly  crjstalline  precipitate.  The  monohydrogen  salt. 
JlMnP(J^  +  3H,0,  forms  small  prismatic  rose-coloured  rhombic 

r3'8tals  slightly  soluble  in  water,  and  the  dihydrogen  phosphate, 
H«Mn(PO,)j-f-2HjO,  crystallises  in  red  four-sided  prisms  which 
deliquesce  on  exposure  to  the  air,  decomposing  into  free  phos- 
phoric acid  and  the  preceding  salt. 
Manganovji  Arsenate.     When  arsenic  acid  is  saturated  with 

langanese  carbonate,  a  difticultly  soluble  salt  having  the  com- 
ition  HMnAsO^  is  fonned.     This  dissolves  readily  in  arsenic 

cid  with  formation  of  the  salt  H^Mn(A80J,,  which  latter 
trystollifies  in  rectangidar  plates. 

Manffanaas  Silicates  frequently  occur  as  isoraorjihous  con- 
stituents of  many  minerals.  Some  naturally  occurring  man- 
ganese silicates  are  known.  Thus,  for  instance,  rhodonite,  MnSiOj, 


"  Phi.  Mnif.  xii.  103. 

'  Ann.  Clu-m.  riuirm.  Ixix.  208. 

'  Li«big's  Ann,  uxc.  1S)1. 


'  Ponj.  Ann.  IxxiT.  450. 

*  Ann.  Chim.  Phys.  [3],  bd.  433. 
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occurs  in  light  brownish-red  transparent  triclinic  crystals,  ami 
tephroite,  Mn,SiO^,  crj'stalliscs  in  the  quadratic  system  in  rose^. 
red,  brown,  or  grey  masses,  and  usually  occurs  together  wit 
rhodonite. 

Manganous  Carhnnnte,  MnCO,,  forms  an  isomorphous  con- 
stituent of  chalybite  and  dolomite,  and  also  occurs  in  the  pure 
state  in  the  rose-red  crystals  of  manganese  spar  or  rhodncbro- 
zite.  All  these  minerals  crj'stallise,  like  calc-spar,  in  rhom- 
bohedrous,  but  mauganocalcite,  (MnCaMg)COj,  is  isomorphous! 
with  arragonit«. 

The  hydrated  manganese  carbonate  is  obtained  as  a  white 
precipitate  by  mixing  a  solution  of  the  chloride  or  sulphate  of 
manganese  with  carbonate  of  soda.  In  the  moist  state  it  soon 
becomes  brown  coloured  on  exposure  to  the  air ;  it  dissolves  in 
8,000  parts  of  pure  water,  and  readily  in  water  containing 
carbonic  acid. 

319  Maiujanese  and  Cyanogen.  AVhen  a  concentrated  solution 
of  acetate  of  manganese  is  warmed  with  solid  potassium  cyanide, 
a  green  precipitate  is  thrown  down  of  KCM',Mn(CN)j ;  this 
gradually  disappears,  and  in  its  place  dark  blue  crystals  of 
potassium  mangano-cyanide,  K^Mii(CX)j  4  SH^O,  are  formed.* 
The  mangano-cyanide  is  also  obtained  when  nianganons  car- 
bonate is  heated  to  a  temperature  of  from  40°  to  50°  with  a  solu- 
tion of  cyanide  of  potassium.*  The  salt  crystallises  iu  deep 
violet-blue  quadratic  eftlorescent  tibles.  Its  solution  oxidises 
on  exposure  to  air  with  formation  of  potassium  mangani-cyanide, 
KaMn./C,Na)|,  which  crystallises  in  d»rk-red  prisms.  This 
latter  salt  when  brought  into  contact  with  potiissium  amalgam 
in  aqueous  solution  is  again  transformed  into  mangano-cyanide. 
Tlie  constitution  of  these  compounds,  wliich  are  not  double 
salts,  will  be  referred  to  under  the  corresponding  iron  compounds. 


MANGANIC   COMPOUNDS. 


320  Mangano-MaTujnnic  Oxide  or  Red  Oxide  of  Manganeae, 
MdjO^,  occurs  with  other  manganese  ores,  and  also  by  itself  as 
the  mineral  hausmaunite.  This  mineral  crystallises  in  acute 
quadratic  pyramids,  and  one  of  its  best  localities  is  Ilmenau  iu 
Thuringia.    Its  specific  gravity  is  485.    If  manganese  monoxide 

'  Raton  and  Fittig,  Avn.  Cfifm.  Phnrm.  rxlv,  157. 
»  Decamps,  BiUL  Hoc.  Chim.  [2],  ix.  443. 
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e  heated  in  contact  with  air,  or  if  the  higher  oxides  he  heated 
either  in  contact  or  out  of  contact  with  air,  this  same  compound 
is  obtained  in  the  form  of  a  brownish-red  powder,  wliich  then 
has  a  specific  gravity  of  4  72,  and  is  converted  into  crj'stals  of 
hausmannite  by  gently  heating  it  in  a  slow  current  of  hydro- 
chloric acid.'  It  is  also  obtained  in  the  ciystalline  form  by 
heating  a  niixture  of  sulpliate  of  manganese  and  potassium 
sulphate  to  bright  redness,*  or  by  treating  a  mixture  of  manga- 
nous  oxide  and  calcium  chloride  in  the  same  way.'  Tliis  oxide 
dissolves  in  cold  concentrated  sulphuric  acid,  giving  rise  to  a 
solution  containing  a  mixture  of  manganous  and  manganic 
Bulphates.  Hence  the  red  oxide  is  considered  to  be  a  compound 
of  MnO  +  MujOj.  In  other  respects,  however,  it  behaves  in  a 
similar  way  to  the  red  oxide  of  lead.  Thus  on  heating  with 
dilute  siilphuric  acid  manganous  sulphate  and  manganese  dioxide 
are  formed,  and  boiling  nitric  acid  decomposes  it  in  a  manner 
simihir  to  that  in  which  it  acts  on  red  lead : 


W 


Mn30,+4HN03  =  2Mn(N03)j+Mn05,+2njO. 


Chlorine  gas  is  given  off  when  this  oxide  is  heated  with 
hydrochloric  acid  and  manganous  chloride  is  formed : 

MnaO^  +  8HC1  =  SMitCIj  +  4H,0  +  CI^. 

Manganic  Oxide  or  Mangaruse  Sesquiaride,  MhjOj.    This  oxide 
occurs  as  the  mineral  braunite  crystallised  in  obtuse  quadratic 
pyramids.  It  possesses  a  sub-metallic  lustre,  has  a  dark  brownish- 
black  colour,  and  a  specific  gravity  of  4-75.    It  may  be  obtained 
artificially  by  igniting  any  of  the  oxides  of  manganese  in  oxygen, 
ir  in  a  mixture  of  this  gas  and  nitrogen,  which  does  not  contain 
lore  than  twenty-six  per  cent,  of  oxygen.*     It  then  forms  a 
lack  powder,  having  a  specific  gravity  of  432. 
Manganic  Hydroxide,  Mn50j(0H)j,  occurs  in  nature  as  manga- 

Inite  in  st€el-grey  or  arsenic-black  crystals,  belonging  to  the  qua- 
iratic  system,  and  having  a  specific  gravity  of  43.  It  is  usually 
(Mxempanied  by  other  manganese  ores,  togetlier  with  calcspar  and 
pcavy-spar.  In  general  appearance  it  closely  resembles  pyrolu- 
lite  (manganese  dioxide),  but  it  may  be  distinguished  from  this 
compound  by  its  giving  a  brown  instead  of  a  black  streak  when 
rubbed  on  an  unglazed  porcelain  plate.  Manganic  hydroxide  is 
ed  when  manganous  hydroxide  is  allowed  to  oxidise  in 


» 


I 


'  T>rvillp.  (\ymftt.  lirnd.  liii.  1P9. 
'  KublnioDD,  ibid,  lii,  1283. 


'  Peliray,  ibid.  liL  986. 

*  Dittmar,  L'kem.  Sue.  Joum.  xvii.  29*. 


moist  air.  It  forms  a  dark-hroAirn  powder  capable  of  soiling 
very  strongly,  and  gives  off  its  •n-ater  at  a  temperatore  abo%-e 
100°.  It  dhsolves  in  hot  nitric  add  with  foimatiou  of  mangaooos 
tritrate  and  manganese  dioxide : 

»£n,O^OU),  +  2HN0,  =  MnCNOj),  +  MnO,  +  2H,0. 

From  this  reaction  it  wonld  appear  that  in  constitution  this  body 
resembles  lead  dioxide  and  analogous  compounds,  bnt  in  other 
reactions  it  acts  as  a  feebly  basic  oxide,  whose  salts,  with  a  few 
exceptions,  are  very  unstable 

321  ifanffanic  Chloride,  Mn^Clj,  is  not  known  in  the  solid 
state  ;  it  can.  however,  be  obtained  in  solution  as  a  brown  liquid 
by  carefully  adding  the  oxide  or  hydroxide  in  small  quantity 
to  cold  hydrochloric  acid.  On  heating  the  solution  chlorine  is 
evolved  and  the  manganic  chloride  decomposed: 

Mn,Cl«  =  2MnCl,  +  Clj. 

Manganic  Sulphate,  Mnj(S04)3.  Manganic  oxide  and  hydroxide 
di«8olve  with  difficulty  in  sulphuric  acid.  The  red  oxide, 
Mn,0^,  on  the  other  hand,  dissolves  readily,  yielding  a  purple- 
red-coloured  solution.  If  the  finely-divided  precipitated  dioxide 
be  tieated  with  sulphuric  acid,  oxygen  is  evolved,  and  at  a 
temperature  of  138°  a  green  liquid  is  obtained  from  which  the 
sulphate  is  precipitated  as  a  non-crystalline  powder.  In  order 
to  purify  this  salt  it  is  brought  on  to  a  porous  porcelain  plate, 
when  the  greater  part  of  the  sulphuric  acid  is  absorbed;  the 
residue  is  then  washed  with  pure  nitric  acid  and  the  salt  allowed 
to  dry  in  absence  of  air  on  another  porous  plate,  and  then  is 
heated  to  1.50",'  but  not  beyond  this  point,  as  it  decomposes  at 
160°  with  evolution  of  oxygen.  It  deliquesces  on  exposure  to  air, 
forming  a  violet  solution,  from  which,  especially  when  in  contact 
with  water,  manganic  hydroxide  separates. 

Mamjanic  Polnmum  Sulphate,  or  ManganeM  Alum,  K^SO^  + 
Mnj(.^0,)j  +  24H.,0.  This  is  obtained  when  pota.isinm  sulphate 
is  added  to  a  solution  of  the  foregoing  salt  containing  an  excess 
of  sulphuric  acid.  On  evaporation  to  a  sj-nipy  consistency  the 
above  salt  cryst^illises  out  in  violet-coloured  regular  octohe- 
drons ;  it  is  decomposed  in  contact  with  water  with  separation 
of  manganic  hydroxide. 

Manganese  Ammonium  Alum,  (NHj)jSO^  f  Mn.j(SO^)3+24H,0. 
'  Carius,  Ann.  Chem,  Pharm.  xcriii.  S3. 
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IThis  salt  corresponds  closely  to  the  above-mentioned  potassium 

mpound,  and  is  obtained  in  a  similar  way. 

Manganic  PhonphaUs.  Both  manganic  oxide  and  the  dioxide 
dissolve  in  a  concentrated  solution  of  phosphoric  acid,  in  the 
latter  case  with  evolution  of  oxygen,  with  formation  of  a  deep 
violet  liquid,  from  which  a  violet-coloured  crystalline  mass 
separates  out  (Clmelin).  This  decomposes  in  contact  with  water, 
and  manganic  hydroxide  is  precipitated  from  the  solution  by  the 
alkalis.  On  evai)orating  the  red  solution  a  peach-blossom 
coloured  powder  separates,  consisting  of  manganic  metaphos- 
phate,  Mn„(POs)e  -I-  2Kfi} 


h 


Mano/VNKse  Dioxide  and  the  Manganites. 
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332  Mdriffnnesr  Dioxidf,  Manganese  Peroxide,  or  Black  Oxide  of 
Manganr»e,  MnO,,,  is  the  most  important  ore  of  manganese.    It 
occurs  in  rhombic  crystals  and  in  crystalline  and  amorphous 
masses,  being  knowni  to  tlie  ininernlogist  as  pyrolusite.     It  pos- 
sesses a  metallic  lustre,  an  iron-black  or  dark  steel-gi-ey  colour, 
and  a  black  streak.     It  is  opaque  and  rather  biittle,  and  has  a 
cific  gravity  of  482.     The  most  celebrated  localities  for  this 
meral  are  Ilmeuau  in  Thuriugia,  near  Flatten  in  Bohemia,  near 
Midirisch-Trubau  in  Moravia,  on  the  Lahn,  and  in  France,  Spain, 
d  Xorth  America.     It  occurs  in  the  United  States,  abundantly 
ermont  in  Massachusetts,  and  in  Red  Island  Bay  at  San 
icisco ;  and  also  in  New  Brunswick,  Nova  Scotia.  It  is  like- 
found  in  Devonshire.  Pyrolusite  seldom  occura  in  the  pure 
being  generally  mixed  with  other  manganese  ores  such  as 
lomelane,  (MnBa)O  -t-  2MnO„,  and  manganite.   It  also  always 
ferric  oxide,  silica,  and  traces  of  the  oxides  of  cobalt 
nickeL 
Pure  manganese  dioxide  is  obtained  artificially  by  a  moderate 
ition   of  the   nitrate.     The  residue  is  then  boiled  out  with 
litric  acid,  washed  well,  and  moderately  heated  (Berthier).     If 
anganous  carbonate  be  heated  to  260'  in  presence  of  air,  and 
Hen  the   residue   treated  with  very  dilute  cold  hydrochloric 
cid,  pure  manganese  dioxide  remains  behind  (Forchhammer). 
It  is  obtained  in  the  hydrated  state  by  precipitating  a  manga- 
solution  ■with  an  alkaline  solution  of  an  hypochlorite,  or 
by  treating  manganic   hydroxide  with  hot  nitric  acid.*     The 

'  Herroann,  Pogu.  Ann.  bodr.  303. 

*  Gorgen,  Ann.  Chim.  Phya.  [3],  Ixvi.  155. 
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hydroxide  thus  obtained,  when  perfectly  freed  from  nitric  acid  by 
washing  with  water,  is  soluble  in  water,  yielding  a  brown  solution 
to  which  the  name  of  manganous  acid  has  lieen  given.  This 
solution  turns  blue  litmus  paper  red,  and  does  not  undei^go 
alteration  on  standing  for  many  weeks,  but  small  quantities  of 
acid  or  alkali  produce  an  instant  precipitation.  Manganese 
dioxide,  like  lead  dioxide,  possesses  at  the  same  time  feebly  basic 
and  feebly  acid  properties. 

Mawjancse  Tetrachloride,  MnCl^,  is  not  known  in  the  pure 
state,  as  it  is  extremely  unstable.  It  is  prepared  by  passing 
hydrochloric  acid  gas  into  a  well-cooled  mixture  of  manganese 
dioxide  and  ether.  The  green  solution  thus  obtained  possessea 
powerful  oxidising  properties. 

Hydrobromic  and  hydriodic  acids  act  in'  a  similar  way. 
(Nickl6s.) 

Mnngarusc  Tctrajluoridc,  MnF^,  is  obtained  as  a  brown  liquid 
when  the  dioxide  is  carefully  added  to  concentrated  hydrofluoric 
acid.  The  brown  solution  possesses  strong  oxidising  properties. 
Alkalis,  as  well  as  an  excess  of  water,  precipitate  the  dioxide, 
and  when  potassium  fluoride  is  added  a  rose-red  precipitate  of 
the  compound  Mnt\  -I-  2KF  falls  down. 

323  The  Manganitis.  Manganese  dioxide  combines  with 
several  basic  oxides  to  form  compounds  which  may  be  considered 
as  salts  of  manganous  acid.  Potassium  MnnyauiU,  K^Mn^O,,,  is 
obtained  as  a  yellow  precipitate  when  carlxm  dioxide  is  passed 
into  a  solution  of  potassium  mangonate,  KjMnO^.  Calcium 
Manganitc,  CaMujO^,  is  a  blackish-brown  precipitate  formed 
when  a  solution  of  manganous  nitrate  is  poured  into  an  excess 
of  hleoching-powder  solution. 

Manganese  dioxide  has  long  been  used  for  the  preparation 
of  colourless  glass,  and  hence  pyrolusite  has  been  known  as 
savon  dts  verriers.  Its  mineralogical  name,  indeed,  has  refer- 
ence to  this  employment  of  the  mineral  (from  irrip,  fire, 
and  Xiiti)  to  wash).  It  also  serves  for  the  preparation  of 
the  manganese  compoimds  and  of  oxygen,  but  by  far  the 
largest  quantity  of  the  mineral  is  employed  for  making  chlo- 
rine, used  in  the  manufacture  of  bleaching-powder.  As  this 
mineral  never  occurs  in  the  jiure  state  in  commerce,  a  rapid 
and  accurate  method  of  determining  the  value  of  manganese 
ores  is  of  great  value  to  the  manufacturer ;  these  methods 
will  be  described  under  the  detection  and  estimation  of 
manganese. 


■UMliK 


«Mi 


n^m 


WELDON'S  PROCESS. 


16 


N 


324  Rc/jencration  of  Manganese  Dioxide  from  the  Chlorine 
Jle^dues.  Before  the  year  1856,  the  whole  of  the  manganese 
chloride  obtained  in  the  manufacture  of  chlorine  from  manganese 
dioxide  and  hydrocliloric  acid  was  allowed  to  run  to  waste.  In 
821,  Forchhammer  ^  observed  that  when  inanganous  carbonate 
is  heated  to  260°  in  an  open  vessel  it  is  converted  into  dioxide 
Charles  Dunlop'  applied  this  reaction  to  the  regeneration  of 
manganese  dioxide  from  the  chlorine  still-liquors.  The  free 
acids  which  these  liquors  contain  are  first  neutralised  with 
carbonate  of  lime,  the  ferric  chloride  being  at  the  same  time 
decomposed ;  the  clear  liquor  is  drawn  otf  from  the  deposited 
fcrric  hydrate,  and  again  treated  with  carbonate  of  lime  in 
closed  boilers  under  a  pressure  of  several  atmospheres.  Under 
these  circumstan6es  the  whole  of  the  manganous  chloride  is 
converted  into  the  carbonate : 


MnClj  +  CaCOj  =  MnCO,  +  CaClj. 


The  precipitated  carbonate  is  then  separated  by  subsidence,  well 
washed,  and  brought  on  to  trays  on  wheels,  which  are  pluced  in 
an  oven  so  that  the  manganous  carbonate  is  exposed  to  tlie 
action  of  a  current  of  hot  air  for  forty-eight  hours.  At  the  end 
of  this  time  tlie  carbonate  is  converted  into  a  black  powder 
whicli  contains  about  72  per  cent,  of  MnOy  In  1857  this  pro- 
cess was  adopted  by  Messrs.  Charles  Tennant  &  Co.,  at  St.  Rollox, 
and  applied  to  the  regeneration  of  tlie  whole  of  their  manganese, 
amounting  to  about  10,000  tons  per  annum.  The  process  is, 
however,  somewhat  costly,  and  has  not  been  adopted  generally 
by  manufacturers  of  bleaching  powder. 

A  much  more  perfect  and  less  troublesome  process  was  in- 
vented  by  Mr.  Walter  Weldon,  in  1807,  and  first  practically 
I  carried  out  at  Messrs.  Gamble's  works  at  St.  Helen's,  in  1868. 
This  process,  which  is  now  universally  adopted  both  by  British 
and   Continental  manufacturers,  depends  upon   the   fact  that 
uianganous  hydroxide  is  completely  transformed  into  dioxide 
by  air  heated  to  55°  when  an  excess  of  lime  is  present.     The 
solution  of  manganese  chloride  freed  from  iron  and  excess  of 
1  acid  by  means  of  carbonate  of  lime  is  mixed  with  milk  of  lime 
in  16  times  the  quantity  needed  for   the  exact  precipitation 
of  tlie  hydroxide.     The  resulting  mixture,  consisting  of  manga- 
I  nous  hydroxide,  carbonate  of  lime,  and  calcium  chloride,  is  heated 
I  by  a  cuneiit  of  steam  to  55°,  and  a  rapid  current  of  air  is  blown 

'  Ann.  /'hit.  xvii.  50.        '  lUport  of  PalciU  Invtntioiis,  Mareli,  1856,  p,  236. 
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through  the  liquor.    As  soon  as  about  three-quarters  of  the 
mangaaous  oxide  has  been  transformed  into  dioxide  the  liquor 


is  allowed  to  settle,  and  the  clear  solution  of  calcium  cliloride 
drawn  off  fiom  the  deposit  of  black  dioxide  combined  with  lime 
technically  termed  "  manganese-mud." 


WELDON'S  PBOCESa 


w 


Fig.  130  exhibits  an  elevation  of  the  most  improved  form  of 
Weldon  plant ;  Fig.  131  shows  the  same  in  plan ;  K  is  the  well 
in  which  the  liquor  which  runs  from  the  chlorine  stills  i,  i,  i,  and 
J,  J,  is  neutralised  with  lime-stone.  This  liquor  is  then  pumped 
up  hy  means  of  the  pump  L  into  the  still-liquor  settlers  A,  A,  A, 


H 


S 


m 


w 


d 


in  which  the  oxide  of  iron  is  deposited.  From  the  settlers  the 
neutral  chloride  of  manganese  solution  is  run  by  means  of  iron 
pipes  into  the  large  oxidiser  B;  here  it  is  mixed  with  milk 
of  lime  contained  in  the  vessel  F,  having  previously  been 
84 


prepared  in  the  vessel  E,  and  being  pumped  up  into  the  oxidiser 
by  the  pump  M.  Steam  is  then  passed  into  the  oxidiser 
tilled  with  the  liquor  until  the  right  temperature  has  been 
attained,  and  then  a  blast  of  air  is  blown  in  by  means  of  the 
blowing-engiues  through  the  air-pipe  c.  After  the  operation  is 
complete  the  oxidised  liquor  is  allowed  to  deposit  the  mud  in  ' 
the  mud-settlera  g,  g,  g,  and  from  these  the  clear  solution  of 
.  calcium  chloride  is  run  off  by  the  pipes  li,  the  manganese- mud 
passing  through  the  iron  pipes  N  iutw  the  chlorine  stills,  1, 1,  L 
D  is  a  small  laboratory  iu  which  tlie  necessary  tests  are  made, 
and  J,  J,  are  two  small  stills  used  for  the  evolution  of  chlorine 
from  native  manganese  in  order  to  supply  the  small  but  inevit- 
able loss  which  takes  place. 

Instead  of  washing  the  precipitated  manganese-mud  in  order 
to  free  it  from  calcium  chloride,  the  nuid  is  now  firet  allowed  to 
settle,  the  clear  liquor  run  off,  and  the  remaining  precipitate 
pressed  under  hydraulic  presses  to  a  solid  cake,  which  is  then 
removed  by  wooden  spades. 

Manganic  Acid,  Permanganic  Acid,  and  their  Salts. 

325  In  his  work  entitled  Hie  Prosperity  of  Germany}  put>- 
lished  iu  105G,  Glauber  mentions  that  when  manganese  is  fused 
with  fixed  saltpetre  (caustic  potash)  a  mass  is  produced  from 
which  he  obtained  "  a  most  dainty  purple  fierj'  liquor,"  this 
afterwards  turning  blue,  red,  and  gi-een.  In  1705  an  anonymous 
treatise  appeared,  entitled,  Kcij  to  tlic-  Secret  Cabinet  of  Nature's 
Treastiry ;  in  this  it  is  stated  that  tlie  product  obtained  by  fusing 
saltpetre  and  manganese  yields  a  solution  of  which  the  colour 
alters,  first  being  grass-green,  then  sky-blue,  violet-coloured,  and 
lastly  rose-red.  Tiie  changes  of  colour  which  are  here  given  are 
exactly  the  opposite  of  those  which  Glauber  noticed.  Pott  in 
IT'tO  described  these  changes,  believing  that  they  had  not  been 
previously  noticed,  and  Scheele,  who  endeavoured  to  exj)hiin  these 
phenomena,  gave  to  the  colouring  material  the  name  of  mineral 
chameleon,  a  term  which  had  previously  been  applied  to  other 
mineral  colouring  matteis  capable  of  uudM-going  changes  of 
tint.  The  properties  of  tliis  mineral  chameleon  were  afterwards 
investigated  by  many  chemists,  but  it  was  not  until  the  year 
1817,  wlien  Chevillot  and  Edwards-  investigated  the  subject,  that 
u  rational  view  of  its  composition  was  arrived  at.     They  showed 

■  Packe's  trnnalation,  16S9,  p.  353.  *  Ann.  Ckim.  Phijt.  {i],  it.  387. 
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riat  when  much  alkali  ia  employed  a  green  compound  is  formed ; 
tliat  when,  on  the  other  hand,  an  excess  of  manganese  is  fused 
with  potash  a  red  body  is  produced,  and  they  succeeded  in  prepar- 
ing the  substance  obtained  by  the  latter  reaction  in  the  crystalline 
form.  They  also  showed  that  an  absorption  of  oxygen  takes 
place,  and  consequently  they  as.sumcd  that  the  potash-salt  forms 
with  manganese  a  manganato,  and  that  the  green  salt  contains 
more  base  than  the  red.  Forchhammer '  investigated  the  subject 
in  1820,  and  ascribed  the  difterence  in  colour  to  the  existence  of 
two  distinct  acids.  It  is,  however,  to  Mitscherlich  *  that  we 
owe  a  knowledge  of  the  exact  composition  of  these  two  acids. 

Munganic  Acid,  HjMnO^.  This  acid  is  contained  in  the  green 
solution,  but  it  is  not  known  in  the  free  state,  inasmuch  as 
it  at  once  decomposes  into  permanganic  acid,  llilnO^,  and 
manganese  dioxide : 

L  3H,MuO,  =  2HMuO^  +  MnO^  -t-  211,0. 

Tlie  Mangtinaks  have  a  green  colour,  and  their  solutions  are 
only  stable  when  they  contain  large  quantities  of  free  alkali.  If 
carbon  dioxide  be  passed  through  them,  or  if  they  be  diluted 
with  much  water,  the  liquid  passes  from  a  green  to  a  blue  and 
violet  colour,  the  permanganate  being  formed,  and  the  dioxide 
deposited ;  vice  vcrsd,  the  permanganates  are  converted  into  man- 
gaiiatcs  with  evolution  of  oxygen,  when  their  solution  in  con- 
trated  caustic  potash  is  boiled  : 


^^^iti 

an' 

tu: 
P^h( 


2Iv01l  +  2KMnO«  =  2K2MnO,  +  0  +  H,0. 

The  same  change  occurs  when  reducing  agents  such  as  alcohol 

and  sodium  thiosulphate  are  added  to  the  alkaline  solution,  only 

much  of  course  l>cing  abided  as  sufliccii  for  the  reduction  of 

e  permanganate  to  manganate.      The   red   alkaline  solution 

turns  blue  and  afterwards  green  on  exposure  to  air,  this  being 
,used  by  the  reducing  action  of  the  organic  matter  contained  in 

ihe  atmosphere.     This  reaction  explains  the  changes  of  colour 

in  the  mineral  chameleon. 

Potassium  Mangaiiak,  K.,MnO^,  is  formed  when  manganese 
ixide  is  fused  together  with  caustic  potash.     If  ilie  fusion 
place  in  the  absence  of  air,  the  following  reaction  occurs : 

SMnO,  +  2K0H  =  K^l^rnO,  -f  Unfi^  +  11,0. 

ievillot   and  Edwards  found,  indeed,  that  when  the  fusion 
^  Ann.  Phil,  xri  130,  xvu.  163.  »  Pogg  Ann.  xxt.  287. 
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takes  place  in  an  atmosphere  of  nitrogen  no  manganate  is 
formed.  According  to  Elliot  and  Storer '  this  depends  upon  the 
fact  that  the  manganate  is  decomposed  in  a  current  of  nitrogen 
below  a  red-heat,  whereas  at  a  lower  temperature,  as  at  180°,  the 
manganate  remains  undeconiposed.  In  the  presence  of  air,  or 
on  tiie  addition  of  nitre  or  chlorate  of  jtotash,  a  large  quantity  of 
the  product  is  obtained.  The  deep-green  coloured  mass  dissolves 
in  a  small  quantity  of  water,  forming  a  dark-green  solution,  from 
which,  on  evaporation  in  a  vacuum,  the  salt  separates  out  in 
small  crystals  isomorphous  with  those  of  potassium  sulphate. 
If  a  concentrated  solution  of  potassium  permanganate  be  boiled 
with  concentrated  potash  solution  as  long  as  oxygen  is  evolved 
a  crystalline  powder  of  manganate  separates  out  on  cooling, 
and  if  tiiis  be  dissolved  in  dilute  caustic  potash  and  allowed 
to  evaporate  under  the  receiver  of  an  air-pump,  well-formed 
crystals  of  manganate  are  obtained.  These  are  almost  black, 
aud  possess  a  metallic  lustre,  but  become  green  on  exposure  to 
the  air.^ 

Sodium  Manganate,  NajMnO^,  is  formed  when  a  mixture  of 
equal  parts  of  manganese  dioxide  and  soda-saltpetre  is  heated 
for  sLxteen  liours;  the  mass  is  then  ILxiviated  with  a  small 
quantity  of  water  and  the  solution  cooled  down,  when  the 
salt  separates  out  in  small  crj'stals  isomorphous  with  Glauber- 
falt,  aud  having  the  composition  Na^MnU^  -t-  lOILjO.  These 
dissolve  in  water  with  partial  decomposition,  yielding  a  green 
solution. 

Barium  Manganate,  BaMnO^,  is  formed  when  manganese 
dioxide  is  heated  with  baryta  or  barium  carbonate  or  nitrate,  or 
when  barium  permanganate  is  heated  with  baryta  water.  It  is 
nu  emerald-green  powder,  consisting  of  microscopic  four-sided 
prisms  or  six-sided  plates.  It  has  a  specific  gravity  of  4'85,  and 
is  insoluble  in  water,  but  readily  decomposed  by  acids.  Tiie 
employment  of  this  salt  in  place  of  the  poisonous  Scheele's  green 
has  been  suggested,'  and  it  has  been  employed  in  a  few  instances, 
tlinugh  not  so  generally  as  might  be  wished. 

326  Mnnganae  Htptoxide,  Mn.^0,,  and  Permaiiganic  Acid, 
lIMnO^.  The  firet  of  these  compounds,  also  termed  perman- 
ganic anhydride,  was  noticed  by  Chevilkit,  and  more  recently 
investigated  by  Thenard,*  Aschoff,'"  and  Terreil."     In  order  to 

'  Proe.  Am.  Amd.  Art.  Set.  r.  192  '  Aschoff,  Po<ig.  Ann.  cxi.  217. 

•  Sohnd,  Dtultck  IiiduOrieseit,  1865,  118  ;  Rowiitidil,  niriitl.  PulyL  Jimm. 
olxxvii.  409.  ♦  Camp'.  Hend.  xlii.  389. 

»  Pogg.  Ann.  cxL  217.  •  Bull.  Snc.  Chim.  1882,  40. 
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prepare  this  comp(«mJ,  pure  potassium  permanganate  free  from 
hlorine  is  gradually  added  to  well-cooled  highly  concentruted 
Bvdphuric  acid.  The  salt  dissolves  with  an  olive-green  colour, 
and  at  the  same  time  oily  drops  sepai-ate,  wliich  gradually  sink, 
forming  a  dark  reddish-brown  liquid  which  does  not  solidify  at 
—  20'.  This  liquid  is  extremely  unstable,  constantly  evolving 
bubbles  of  oxygen  on  exposure  to  the  air.  These  carry  with  them 
a  small  quantity  of  the  heptoxide,  and  thus  violet  fumes  are 
emitted.  It  rapidly  absorbs  moisture,  and  dissolves  in  water,  yield- 
ing a  deep  violet-coloured  solution,  so  much  heat  being  thereby 
.evolved  that  the  liquid  undergoes  partial  decompositioa  It  dis- 
solves in  concentrated  sulphuric  acid  with  an  olive-green  colour. 
On  heating,  it  decomposes  with  evolution  gf  light  and  heat,  and 
■with  violent  explosion.  The  same  thing  takes  place  when  the 
heptoxide  is  brought  into  contact  with  any  organic  body,  such 
as  paper,  or  when  a  drop  is  allowed  to  fall  into  a  vessel  contain- 
ing the  vapour  of  alcohol,  or  into  ether,  or  sulphuretted  hydrogen. 
327  Pi'rrnnnganic  Acul,  HMnO^,  is  obtained  in  aqueous  solu- 
tion by  adding  the  requisite  quantity  of  dilute  sulphuric  acid  to 
the  barium  salt.  A  deep  red  liquid  is  thus  obtained,  which  ex- 
hibits a  blue  colour  l>y  rctlected  liyht,  and  possesses  a  bitter 
metallic  taste.  It  decomposes  on  exposure  to  light,  or  when 
heated  gently,  and  stiU  more  rapidly  when  boiled,  with  evolution 
of  oxygen  and  separation  of  the  hydrated  dioxide.  It  acts  as 
a  most  powerful  oxidising  agent,  and  decomposes  ammonia : 

6  HMnO,  +  8  NH3  =  3  :^Inj04(0II)j  -(-  4  N^  +  12  H^O. 

Permanganic  acid  also  occurs  when  manganese  nitrate  or  any 
manganous  salt,  with  the  exception  of  the  haloid  compounds, 
is  warmed  with  niUic  acid  and  lead  dioxide. 

Potassium  Pcrmangnnatc,  KMnO^,  is  prepared  on  the  large 
scale  by  a  process  which  will  be  described  further  on.  For 
lalwratory  purposes  it  is  best  obtained  according  to  the  process 
given  by  Gregory.  This  consists  in  dissolving  ten  parts  of 
caustic  potash  in  the  smallest  quantity  of  water,  then  adding  to 
this  a  mixture  of  seven  parts  of  potassium  chlorate  and  eight 
parts  of  manganese  dioxide,  evaporating  the  whole  to  dryness, 
and  heating  the  residue  until  the  potassium  chlorate  is  completely 
decomposed.  The  dark-green  mass  is  then  lixiviated  with  boiling 
water,  the  solution  allowed  to  deposit,  and  the  liqiud  filtered 
I  through  asbestos  or  gun-cotton.  The  clear  solution  deposits 
the  crvstals  on  standing. 
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Potassium  permanganate  is  isomorplious  with  potassium  per- 
cLlorate,  with  which  it  crystallises  in  all  proportions.  The 
crystals  are  almost  black,  and  when  freshly  prejtared  possess  a 
green  metallic  lustre,  which  however  on  exposure  to  the  air 
becomes  of  a  steel-blue  tint  without  any  further  alteration  in  the 
salt  taking  ]ilace.  The  crystals  have  a  specific  gravity  of  2'7.  and 
yield  a  red  powder.  They  dissolve  in  fifteen  to  sixteen  parts  of 
cold  water  (Mitscherlicli),  forming  a  deep  purple-coloured  solu- 
tion. ^Vhen  concentrated  sulphuric  acid  is  poured  on  to  tliese 
crystals  they  decompose  with  evolution  of  light  and  heat  evolv- 
ing ozone  and  giving  rise  to  violet-culoured  vapours  (Wohler). 
Ou  heating  to  'ZiW  tliey  decompose  as  follows : 

2  KMnO^  =  KjMaO^  +  MnO^  +  O^. 

Jones  '  has  shown  that  hydrogen,  jihosphine,  and  other 
reducing  agents  decompose  potassium  permanganate,  and  that 
oxygen  gas  is  evolved  together  with  carbon  dioxide  when  sul- 
phuric acid  acts  on  the  permanganate  in  presence  of  oxalic  acid. 

Mixed  with  sulphur  or  phosphorus,  a  material  is  obtained 
which  takes  fire  or  explodes  violently  ou  percussion,  and  a 
mixture  of  the  salt  with  charcoal  burns  like  tinder. 

Sodium  Permanganate,  NaMnOi,  is  obtained  in  a  similar  way 
to  the  potassium  salt,  and  is  distinguisht'd  from  it  by  being 
deliquescent,  and,  therefore,  crystallising  with  difticulty. 

Amiiwnium  Permanganate,  NH,Mn()^  is  obtained  by  the 
decomposition  of  the  potassium  salt  with  auinionium  sulphate. 
It  is  isoraorphous  witii  potassium  permanganate,  and  decomposes 
readily  on  heating. 

Barium  Pfvmnn'janatc,  Ba(JInOJ„,  forms  hnrd,  almost  black 
prisms,  soluble  in  water.  It  is  obtained  by  passiug  a  current  of 
carbon  dioxide  through  water  containing  barium  manganate  in 
suspension,  or  by  the  action  of  bariuna  chloride  on  silver 
permanganate. 

Silver  Pei'tnangaiMte,  AgMnO,,  separates  out  in  large  regular 
crystals  when  warm  .sohitions  of  nitrate  of  silver  and  potassium 
permanganate  are  mixed.  It  dissolves  in  11)0  parts  of  water  at 
15°,  and  is  much  more  soluble  in  warm  water.  The  solution 
decomposes  on  boiling. 

Permanganic  Oxychloridc,  MnO„Cl.     This  chloride  of  perman- 

lic  acid  was  first  prepared  by  Dumas  : '  he  did  not  however 
"analyse  the  compound,  but  from  its  mode  of  decomposition  con- 
'  CItevi.  Soc.  Jaunt.  1878,  95.  »  Ann.  Chim.  Phi/3.  [2],  xxxvi.  81. 
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Lsidered  it  to  be  manganese  heptacliloriile,  MnCL.  It  is  obtained 
|l>y  gradually  adding  fused  sodium  chloride  to  a  solution  of 
wta-ssium  permanganate  in  concentrated  snl})liuric  acid.  A 
tyellow  gas  is  then  evolved,  which  when  passed  through  n  freezing 
mixture  condenses  to  a  greenish-brown  liquid.  This  when 
exposed  to  the  air  emits  a  purple-red  vajiour,  which  possesses  the 
^peculiar  smell  of  the  oxides  of  chlorine,  and  like  them  acts  most 
B^^olent.ly  upon  tlie  mucous  membranes,  so  that  the  smallest 
quantity  of  the  chloride  contained  in  the  commercial  perman- 
ganate can  thus  be  readily  detected.'  When  heated  it  explodes 
violently,  and  water  decomposes  it  with  formation  of  perman- 
ganic acid  and  hydrochloric  acid.  These  substances  however 
mutually  decompose  with  formation  of  free  chlorine  and 
manganese  dioxide. 

328  Contlijs  Disinfediriff  Liipiid.  Potassium  permanganate  has 
^  been  employed  for  a  long  time  in  the  lalioratory  as  a  powerful  oxi- 
^ftdising  agent  and  is  largely  used  in  volumetric  analysis.  Hofmann 
was  the  first,  in  the  year  ISHO,  to  show  tlint  this  salt  together  with 
^  the  other  manganates  and  permanganates  act  as  valuable  disinfect- 
Bing  agents,  and  its  application  for  this  purpose  has  become  now  so 
general  that  these  compounds,  which  a  few  years  apo  were  only 

■found  in  the  laboratory,  are  now  manufactured  by  the  ton.  The 
CTudit  of  this  general  application  is  mainly  due  to  Mr.  H.  B. 
Condy,  of  London.  For  disinfecting  purjmses  it  is  not  necessary 
to  employ  the  pure,  well-crj'stallised  salt,  which  is  used  in  the 
laboratory,  but  a  commercial  article  consisting  of  a  mixture,  more 
or  less  pure,  of  mauganate  and  permanganate  of  sodium  is  used. 
This  substance  is  obtained  by  mixing  tlie  caustic  soda  obtained 
ftom  1,500  kilos  of  soda-ash  with  350  kilos  of  finely-divided 

■  manganese  dioxide  in  a  flat  vessel,  and  heating  this  mixture  for 
forty -eight  hours  to  dull  redness.  The  product  is  then  lixiviated 
with  water,  and  the  solution  either  boiled  down  to  the  requisite 
dpgree  of  strength  or  e  aporated  to  dryness.  If  the  manganate 
is  to  be  completely  converted  into  permanganate  it  is  neutralised 
with  sulphuric  acid,  the  solution  concentrated  until  Glauber-salt 
separates  out,  and  these  crj'stals  are  then  removed  and  the  liquid 
further  evaporated.^ 

•  Asehoir.  Pogg.  Ann.  riri.  217. 

>  Hofmunu'8  lUpuH  Kxhib.  1862,  p.  109. 
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MANGANESE  AND  SULPHUR. 

329  Manganese  Monosulphide,  MnS,  occurs  as  the  mineral 
manganese-blende,  or  alabandite,  forming  a  steel-grey  crystalline 
mass,  and  sometimes  observed  in  cubes  and  octoliedrons.  It  has 
a  specific  gravity  of  404,  and  occurs  in  veins  in  the  coal-mines 
in  Transylvania,  and  in  Freiberg  and  Mexico.  It  may  be 
obtained  artificially  in  the  form  of  a  dark-grey  powder,  wliich 
melts  at  a  high  temperature  forming  a  steel-grey  crystalline  mass, 
by  boating  the  monoxide,  the  carbonate,  or  the  sulpliate  in  a 
current  of  hydroyeu  sulphide  (Arfvedson),  Ammonium  sulphide 
and  the  other  monosulphides  of  the  alkali-metals  precipitate 
hydrated  manganese  sulphide  from  a  solution  of  a  manganous 
salt  in  the  form  of  a  light  flesh-coloured  precipitate,  which 
dissolves  readily  in  dilute  acids  and  oxidises  on  exposure  to  the 
air,  assuming  a  brown  tint.  When  left  in  cont,iict  or  heated 
with  an  excess  of  ammonium  sulphide  it  is  transformed  into  a 
grey  powder.^  having  the  composition  3MnS  -f-  HjO. 

Manganese  sulphide  combines  with  the  sulphides  of  the 
alkali  metals  to  form  salts.*  The  potassium  salt,  K-^S  +  3MnS, 
is  formed  when  the  anhydrous  sulphate  of  manganese  is  gradually 
heated  to  redness,  with  three  parts  of  potassium  carbonate  and 
02  parts  of  lamp-black  and  excess  of  sulphur.  The  fused  mass 
is  treated  with  cold  water  freed  from  air,  when  a  dark-red 
crystalline  ma<is  remains  behind,  which  appears  to  be  in  micaceous 
transparent  scales.  In  the  dry  state  this  compound  is  stable, 
hut  in  the  moist  state  it  readily  undergoes  oxidation,  becoming 
black  and  opaque,  and  when  heated  with  nitre  a  violent  explosioni 
occurs. 

Manganese  Disnlphide,  MnS^,.  This  substance  is  found  as  the 
mineral  hnuerite  in  crystals  belonging  to  the  regular  system. 
They  po.ssess  a  metiillic  adamantine  lustre,  and  a  reddi.sb-brown 
colour,  and  occur  at  Kalinka  in  Hungary  in  clay  together  with 
sulphur  and  gypsum. 


Detectio.v  and  Estimation  of  Manganese. 

330  Manganese  is  distinguished  by  forming  a  flesh-colou 
sulphide  readily  soluble  in  dilute  acid.s.    In  the  course  of  analy- 
sis manganese  is  thrown  down  with  the  sulphides  of  the  me 

'  Mimk.  Zrilseh.  Anal.  Ch<-m.  v   680,  vi.  6. 
*  Volker,  Ann.  C/um.  Pluirm.  \\x.  35. 
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of  the  present  group  and  with  others  which  ai'O  precipitated  by 
sulphide  of  ammonium.     If  the  precipitate  be  ti'eated  with  very 
dilute  cold  nitric  acid,  the  sulphides  of  cobalt  and  nickel,  if  pre- 
sent, remain  undissolved.  The  solution  is  heated  with  potassium 
chlorate  in  order  to  remove  the  sulphuretted  hydrogen,  and  an 
Bxcess  of  caustic  soda  is  added.     Iron,  niangane.se,  and  unmium 
ue  thus  thrown  down  as  hydroxides.    The  washed  precipitate  is 
then  dissolved  in  hydrochloric  acid,  and  the  liquid  neutralised 
with  ammonia,  and  sal-ammoniac  added,  when  the  whole  of  the 
ietals,  with  the  exception  of  manganese,  are  thrown  down  and 
lie  filtrate  is   then  evaporated  to   dryness,   and  the  residue 
fieat«il  to  get  rid  of  ammoniacal  salts.     Tiie  mass  which  remains 
.can   be   treated    in  various   ways    for   the   detection   of  man- 
lese.    The  simplest  plan  is  to  fuse  a  small  quantity  of  the 
Esidue  with  caustic  soda  and  saltpetre,  when  the  dark-green 
itassium  manganate  is  formed,  and  this  colour  becomes  deep 
blue  on  cooling.  It  dissolves  in  water  with  a  green  colour,  which 
an  addition  of  a  little  nitric  acid  turns  red.    Other  character- 
stic   rent'tions    for   the   manganese    salts    are    the    following. 
Potash  and  soda  precipitate  the  white   hydroxide,  which  soon 

I>econies  brown  on  exposure  to  air.  Ammonia  in  the  presence 
(f  sal-ammoniac  produces  no  precipitate.  The  solution  rapidly 
ibsorbs  o.tygen  from  the  air,  bro\vTi  manganic  hydroxide  being 
leposited.  When  a  manganese  compound  is  fu-sed  in  a  borax 
lead  an  amethyst-coloured  bead  is  obtained  in  the  outer  Hame, 
ind  this  in  tiie  inner  flame  becomes  colourless.  The  non- 
uminous  gas-flame  is  coloured  green  by  manganese  chloride, 
_aud  this  exhibits  a  spectrum  in  which  the  metal-lines  in  the 
Ben  and  yellow  are  the  following  } 


^Jue 

^^an 
^kaue 

^Besid 
^^ota 


o  =  5587        /3  =  5392        7=5195. 

be  spark-spectrum  of  manganese  contains  a  large  number  of 
ight  lines,  of  which  the  following  are  the  most  important 
ecoq  de  Boisbaudrau) : 


rco2n-7 

iDge  <  >H>\o\, 
(  60125 


(4764-7 


f42.'?0  8 


.   ^ ,  .^ZZ  r  Blue  ^4761-5  Indigo^  Tr.JV.^ 

t^'^-'^  (4753-4  l-t-'-^-4  7 


The  absorption-spectrum  of  permanganic  acid  and  its  ywlassium 
salt  exhibits  in  very  dilute  solution  five  distinct  bands ;  a  more 
concentrated  solution  gives  continuous  absorption  in  the  yellow 

*  Hoppe-Sejler.  Joum.  Pr.  Chan.  ex.  308. 
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and  green ;  and  this  is  also  observed  in  certain  solutions  of 
manganic  salts.  Tlie  lutler,  however,  do  not  give  the  bands  ou 
dilution. 

331  In  order  to  determine  manganese  quantitatively  it  is 
usually  jirecipitated  as  the  ciirbouate.  Frequently,  however,  it  is 
thrown  down  as  the  hydroxide  or  peroxide.  Tliese  are  then  con- 
verted by  ignition  into  the  red  oxide,  MojO^,  in  which  condition 
tlie  manganese  is  weighed.  The  sulphide  on  heating  in  the  air 
is  also  converted  into  the  same  oxide. 

^lauganese  always  occurs  in  natnre 
together  with  iron.  lu  order  to  deter- 
mine this  quantitatively,  the  solution  is 
heated  with  sal-ammoniac,  neutralised 
with  the  requisite  quantity  of  ammonia, 
and  the  iron  precipitated  with  succinate 
of  ammonia.  The  manganese  can  then 
be  determined  in  the  filtrate  in  the  above 
way. 

Evaluation  of  Manyane^  Ores.  The 
most  accurate  and  convenient  methods 
for  tlie  assay  of  manganese  ores  are  those 
of  Bunseii,*  and  of  Fresenius  and  Will' 
By  tlie  former  method  the  quantity  of 
chlorine  whiclt  is  evolved  on  treatment 
with  hydrochloric  acid  is  directly  deter- 
mined : 

AInOj  -t-  4UCI  =  MnClj+Clj  -f  2H,0. 

Tlie  free  chlorine  is  collected  in  a  solution 
of    potassium    iodide,   and   the   liberateil 
iodine  estimated   with  a   dilute  solution 
of  sulphurous  acid. 
Fig.  13J.  Freseniws   and  Will's  gravimetric  me- 

thod depends  upon  the  fact  that  when 
mangauese  dioxide  and  oxalic  acid  are  brought  together  in 
presence  of  sulphuric  acid,  the  following  decomposition  occurs : 

MuO,  +  CjO(OH)2  -H  H...SO,  =  MnSO,  +  2CO3  -1-  2HjO. 

Or  87"78  parts  of  carbon  dioxide  correspond  to  8fi"72  parts  of 
manganese   dioxide.    From  two  to  four  grains  of  the  finely- 

»'  Chnn,  Soc.  Joum.  riii.  21P.  *  Ltebig'a  Ann.  xlvii.  87. 


powdered  ore  are  brought  into  the  vessel  (a),  Fig.  132,  and  from 
five-  to  six  grains  of  neutral  oxalate  of  potash,  together  with 
some  water,  added.  B  and  c  are  filled  vnth  concentrated 
sulphuric  acid,  and  after  the  wliole  apparatus  has  been  weighed, 
e  acid  is  allowed  to  run  from  B  into  A,  the  operation  being 
ucted  a.s  described  under  carbonic  acid  in  Vol.  I.  p.  630. 
rding  to  the  experimenta  of  Jones,  oxygen  is  evolved  in 
e  above  reaction  together  with  carbon  dioxide,  in  quantities, 
owever,  insufficient  to  interfere  with  the  accuracy  of  tlie 
method. 

The  atomic  iccight  of  manganese  has  been  determined  by  a 

variety  of  chemists.     IJerzelius'  found  tliat  4'2()775  parts  of 

manganous  chloride  yielded  9o7o  parts  of  silver  chloride,  whence 

the  atomic  weight  5486  is  calculated.     Five  similar  determina- 

ons  by  Dumas*  gave  the  number  5483;  and  Y.  Hauer'  by 

iducing    manganous    suljihate   to   sulphide   in   a   current    of 

lydrogen  sulphide,  obtained  the  number  o4'98. 


IRON    (FERRUM).     Fe  =  55-9. 


33a  Iron  is  the  most  important  of  all  the  metals.  It  seldom 
ccurs  in  the  metallic  state  in  nature  ;  the  ores  of  iron  are,  how- 
ver,  found  widely  distributed,  and  usually  in  a  state  of  purity ; 
ad  the  reduci  ion  of  metallic  iron  may  well  be  considered  as  one 
^f  the  simplest  of  metnllurgical  operations,  requiring  far  less 
^knowledge  and  skill  than  is  needed  for  tlie  preparation  of 
^Honze.  .  In  spite  of  tliese  facts  it  is  usually  supposed  tliat 
^Bie  iron  age  followed  that  of  bronze,  although  in  niany  cases 
PHhe  art  of  working  in  iron  became  known  at  a  very  early  period. 
I  It  is  however  to  be  remembered  that  metallic  iron  is  rapidly 
■destroyed  by  rusting,  at  any  rate  in  damp  situations,  and  this 
^^kay  to  some  extent  account  for  the  comparatively  rare  occur- 
^Knce  of  very  early  iron  implements. 

^^   It  appears  probable  that  iron  was  first  obtained  from  its  ores 
India,  and  it  is  certain  that  both  tiie  Assyrians  and  the 
yptians  employed  iron  implements  many  centuries  before  our 
In  the  Pentateuch  the  metal  iron  is  mentioned,  as  well 
tlie  funiaces  in  which  it  was  prepared;  the  Hebrew  name  for 

*  Pogg.  Ann,  xiv.  211  »  Ann.  Chtm.  PHarm.  cxiiL 

'  ITiot  Acad.  Ber.  xxv.  124. 
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iron,  Barz^l,  is  derived  from  the  root  Bazdl,  which  signifies  to  be 
hard,  whilst  the  derivation  of  the  Greek  word  aiSt]yo<s  which 
occurs  in  Homer  is  unknown.  The  Greeks  obtained  their  iron 
from  the  Chalybes,  a  nation  dwelling  on  the  south  coast  of  the 
Black  Sea,  from  whom  the  Asiatic  nations  also  obtained  iron. 
The  Eonians  on  the  other  hand  not  only  procured  their  iron 
from  this  district,  but  also  from  Spain,  Elba,  and  Noricum.  The 
Ellian  iron  mines,  which  are  to  this  day  renowned  for  their  fine 
specular  iron,  were  worked  by  the  Etruscans,  and  the  method 
which  was  employed  by  them  for  the  extraction  of  the  iron  is 
identical  iu  principle  with  that  still  in  vogue  in  the  Pyrenees. 

The  word  iron,  which  is  identical  with  the  Scandinavian  "  iarn  " 
(instead  of  "  isarn  "),  and  with  the  German  "  Eisen  "  (adjective, 
"eisern"),  apfMjars  to  be  connected  with  the  Sanscrit  "ayas" 
(Ltitin  "  aes  "),  and  this,  according  to  Grimm,  is  an  indication  that 
bronze  was  in  use  among  the  Germans  at  a  much  earlier  date 
than  iron.  The  alchemists  connected  iron  with  the  god  of  war 
Mars,  and  gave  to  it  the  sign  6. 

333  Native  iron  occurs,  according  to  Andrews,'  in  small  spiculie 
distributed  throughout  the  basalt  of  the  Giant's  Causeway,  as 
well  as  iu  the  old  lavas  of  the  Auvergne.  The  occurrence  of 
terrestrial  iron  in  hirge  lumps  has  also  not  uufrequently  been 
observed :  these  masses  have  however  been  formed  in  the  firing 
of  coal-pits  wlien  the  burning  mass  has  come  iu  contact  with 
ores  of  iron,  and  the  product  of  the  action 
is  termed  natural  .steel. 

The  native  metal  occurs  more  frequently 
in  the  form  of  meteoric  iron.  The  meteor- 
ites falling  in  larger  or  smaller  masses  from 
e.'ctra  terrestrial  sources  may  be  divided 
into  two  groups,  "  Earthy  meteorites,"  which 
chiefly  consist  of  silicates,  and  "  Meteoric 
irons,"  which  consist  of  meteoric  iron  together  with  a  larger 
or  smaller  quantity  of  nickel,  the  presence  of  this  latter  metal 
being  characteristic  of  meteoric  masses.  Meteoric  iron  likewise 
usually  contains  small  quantities  of  cobalt  and  other  metals, 
as  well  as  graphite,  ferrous  sulphide  and  schreibersite,  NijFe^P 
this  last  compound  being  one  which  does  not  exi.st  iu  any 
terrestrial  mineral.  When  the  surface  of  a  meteoric  iron  is 
planed  and  polished,  and  then  treated  with  dilute  nitric  acid, 
peculiar   configurations  make  their  appearance  which  were  first 

1  Andrews,  Brit.  Assoc.  JieporU,  1852. 
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noticed  by  "Widmanstatten  in  the  year  1808.  These  consist  of 
rhombic  folia  or  crystalline  markings  (shown  in  Fig.  13.3)  which 
have  a  metallic  lustre ;  tlie  spaces  enclosed  by  these  markings 
are  somewhat  raised,  .so  that  a  surface  of  meteoric  iron  thus 
treated  may  be  used  as  a  plate  from  which  an  engraving  can 
be  obtained.  Some  meteoric  irons  do  not  exhibit  these  figures, 
parallel  strise  making  their  appearance  when  the  metal  is  sub- 
jected to  a  similar  treatment,  ileteoric  iron  frequently  occurs  in 
considerable  masses ;  thus,  for  instance,  that  which  was  discovered 
by  Pallas  in  Siberia  originally  weighed  800  kilos  [Analysis  («)], 
whilst  that  found  in  Bahia  weighed  nearly  7,000  kilos ;  a  still 
larger  mass  occurs  at  Chaco-Gualamba  in  Peru,  which  is  said 
to  weigh  16,000  kilos,  and  similar  large  ma.sses  have  been  found 
in  other  localities  both  in  North  and  South  America,  as  well  as 
in  Africa.  Tlie  large.st  known  masses  are  those  found  at  Ovifak 
on  the  island  of  Disko,  off  Greenland,  where  fifteen  blocks  of 
meteoric  iron  occur,  tlie  weight  of  the  two  largest  being,  accord- 
ing to  Nordenskjuld  '  21,000  and  8,000  kilos  [see  Analysis  (h)]. 
The  following  table  gives  the  composition  of  several  meteoric 
irons : — 


(o) 

(») 

(c) 

id) 

Locality   .      •     . 

Siberia. 

Onfalt. 

Brazil. 

Tenncsse 

Aaolyst    .    . 

Ikrzclius. 

Nordenskjijld. 

Dajnovcr. 

J.  h.  Smi 

Iron  .     .     . 

88-04 

84-49 

63-69 

91-15 

Nickel   .     . 

10-73 

2-48 

33-97 

801 

Cobalt   .     . 

0-46 

0-07 

1-48 

0-72 

Copper .     . 

0-07 

0-27 

0-05 

006 

Manganese 

0-1. ■? 

— 

— 

— 

Carbon  ,     . 

0  04 

10-62 

002 

— 

Sulphur 

trace 

1-52 

002 

— 

Phosphorus 

— 

0-20 

005 

— 

Chlorine 

— 

0-72 

— 

— 

Silicate .     . 

oris 

0-09 

— 

— 

loo  00       100  46         99-28 
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Finely  di\'ided  meteoric  iron  is  constantly  falling  from  extra- 
terrestrial space  on  to  the  earth  :  the  occurrence  of  this  meteoric 
dust  has  been  observed  in  Sweden  and  in  the  snow-fields  of 
NoKhern  Silieria,  the  snow  enclosing  black  magnetic  particles 
whieh  contain  cobalt  as  well  as  iron.  More  recently  similar 
particles  of  meteoric  dust,  consisting  of  metallic  iron,  have  been 

>  Pogg.Anii.  151,  164. 


found  by  Mr.  Murray,  of  the  Challenger  expedition,  at  great 
depths  in  mid-ocean.  It  is  only  under  conditions  such  as 
the  above  that  it  is  possible  to  detect  this  fine  meteoric  dust  in 
consequence  of  the  enormous  accumulation  elsewhere  of  terres- 
trial dust. 

334  Iron  is  usually  found  in  combination  either  with  oxygen 
or  sulphur.  Of  the  large  number  of  minerals  which  contain  iron 
only  those  will  now  be  mentioned  whicli  occur  most  commonly 
and  in  largest  quantity ;  the  ores  wLU  be  specially  described 
hereafter.  The  most  important  oxygen  compounds  of  iron 
are  red  haematite,  or  specular  iron,  FejOj ;  brown  ha?matite, 
Fe^O,(OH)g;  magnetic  iron,  FejO^;  spathose  iron,  FeCOg,  which 
latter  also  contains  other  isomoi'phous  carbonates.  Again, 
iron  pyrites,  FeSj,  occurs  largely,  whilst  magnetic  pyrites, 
FcySg,  is  less  common  ;  ferrous  sulphide  also,  forms  an  important 
constituent  of  copper  pyrites,  CuFeSj,  arsenical  pyrites, 
Fe(As8)j,  and  other  minerals.  Silicates  of  iron  are  found  in 
most  geological  formations,  and  from  these  iron  oxide  finds 
its  way  into  the  soil,  in  which  it  is  usually  present  in  con- 
siderable quantity,  imparting  to  it  a  reddish  or  brown  colour. 
This  fact  was  known  to  I'liny,  who  mentions  that  the  presence 
of  iron  may  be  recognised  by  the  colour  of  the  soil.  Iron  com- 
pounds are  contained  in  solution  in  spring-  and  river- waters,  as 
well  as  iu  the  water  of  the  ocean,  and  it  is  from  one  or  other  of 
these  sources  that  plants  obtain  the  iron  which  fonus  a  necessary 
constituent  of  their  chlorophyll. 

In  1702  X.  Lt-niery  i)rovud  that  the  ashes  of  plants  contain 
iron ;  this  observation  was  confirmed  by  the  experiments  of 
GeofFroy  in  1705,  who,  however,  assumed  that  the  ii-on  is  not 
originally  contained  in  plants,  but  that  it  is  produced  when 
they  are  burned.  Other  celebrated  chemists,  such  as  Becher, 
held  the  view  that  the  iron  which  makes  its  appearance  when 
certain  substances  are  subjected  to  chemical  treatment  is  not 
contained  in  them  but  is  independently  produced.  This 
erroneous  opinion  was  liret  disproved  by  Lemery. 

Iruu  likewise  forms  a  necessary  constituent  of  the  animal 
body ;  thus  for  instance,  haemoglobin,  the  red  colouring-matter 
of  the  blood,  contains  U'24  per  cent,  of  iron,  Iron  preparations 
have  also  long  been  employed  as  a  medicine,  especially  in 
chlorosis,  general  debility,  and  loss  of  blood  ;  and  it  has  now 
been  ascertained  that  after  the  use  of  iron  the  number  of  red 
corpuscles  is  increased,  and  the  amount  of  hicmoglobin  which 
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^ey  contain  becomes  larger.     At  the  same  time  the  nutritive 

cesses  of  the  body  are  accelerated,  as  evidenced  by  a  rise  in 

emperature,  and  an  increase  in  the  quantity  of  urea  secreted. 

IlTie  presence  of  iron  in  the  blood  was  first  shown  by  Menghini 
If  Bologna  in  1747. 
I  The  existence  of  iron  in  large  quantities  in  meteoric  masses 
pdicates  a  wide  cosmical  distribution  of  this  element,  and  this 
conclusion  has  been  confirmed  by  Spectrum  Analysis,  which 
L^idicates  to  us  the  presence  of  iron  iu  the  sun  and  many  h.^ed 
^Ptnrs. 

335  Preparation  of  pure  Iron. — Iron  is  usually  produced  from 
L^e  oxides  by  means  of  charcoal,  and  is  thus  obtained  on  the  large 
^ftale ;  thus  prepared,  however,  iron  is  not  pure,  but  contains 
^Hiore  or  less  carbon.  The  purest  commercial  form  of  iron  is 
^fcronght-iron,  especially  the  finest  kinds  of  liarj)sichord  wire: 
^fhis  contains  about  0'3  per  cent,  of  foreign  impurities  chiefly  con- 
sisting of  c^irbou.  In  order  to  obtain  chemically  pure  iron  the 
side,  or  oxalate,  may  be  heated  in  a  cuiTent  of  hydrogen  at  the 
Bwest  possible  temperature ;  the  metal  is  obtained  by  this  pro- 
as a  black  powder,  which  oxidises  and  becomes  incandescent 
the  air,  but  if  the  reduction  be  carried  on  at  a  higher  teiu- 
erature  the  powdered  iron  is  not  pyrophoric. 
Pure  iron  may  be  obtained  by  the  reduction  of  ferrous  chloride, 
feClj,  in  hydrogen  when  the  metal  is  deposited  in  microscopic 
|uatlratic  octohedrons,  or  cubes  (PeUgot).'  It  may  also  be  pre- 
ared  by  electrol_\ns.  For  this  purposea  solution  of  ferrous  sulphate 
prepared  and  then  mixed  with  sal-ammoniac  and  magnesium 
sulphate ;  on  electrolysis  the  iron  is  deposited  in  bright  grey  plates, 
ilectrolytic  iron  has  the  power  of  occluding  certain  pases, 
specially  hydrogen ;  on  heating  the  metal  in  a  vacuum  these 
ses  are  given  oflF,  and  the  metal  which  remains  has  a  white 
olour  resembling  platinum.  In  order  to  obtain  pure  iron  as  a 
oherent  metallic  mass  a  mixture  of  equal  parts  of  pure 
Jlauber  salt  and  iron  sulphate  is  ignited  in  a  platinum  crucible 
'until  no  further  evolution  of  sulphur  dioxide  occurs  ;  on  wash- 
ing the  mass  with  water  a  crystalline  precipitate  of  ferric  oxide 
pmains  behind :  this  is  next  placed  in  a  platinum  crucible  and 
educed  in  hydrogen.  The  porous  mass  of  reduced  iron  is  then 
fircssed  into  a  lime  cracible  and  melted  by  means  of  the  oxy- 
hydrogen  blowpipe.* 

«   Cnrnvl.  nnxri.  19.  670. 

'  ilnttliipsspn  niid  3.  P.  Szczepanowski,  Chem.  JVeww,  xx.  101. 
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Good  wrought-iron  when  melted  in  this  way  also  yields 
a  regulus  of  pure  metal,  especially  if  towards  the  end  o{ 
the  operation  the  current  of  oxygen  be  increased,  when  the 
impurities  are  oxidised  and  absorbed  by  the  porous  mass  of 
the  crucible.* 

336  Properties.  Pure  iron  has  a  specific  gravity  of  7"84  ;  it 
possesses  an  almost  silver-white  lustre,  and  takes  a  high  polish  ; 
it  is  the  most  tenacious  of  all  the  ductile  metals  except  cobalt 
and  nickel ;  it  becomes  soft  at  a  recl-lieat,  whilst  at  a  white-heat 
it  can  be  readily  welded,  but  if  heated  above  the  welding-point  it 
is  brittle  under  the  hammer.  Pure  iron  is  more  difficultly  fusible 
tliau  wrought-iron,  but  it  can  be  volatilised  when  heated  in  a 
vacuum  by  means  of  a  powerful  electric  discharge,  and  if  air 
be  then  admitted  the  vapourised  iron  burns  with  a  bright  flash. 
Even  when  iron  is  burned  in  oxygen  a  small  fiuantity  of  the 
metal  is  vapourised  and  is  seen  to  bum.  Iron  is  attracted  by 
the  magnet  and  may  also  be  rendered  magnetic,  but  it  loses 
this  latter  property  after  a  short  time,  whilst  carbonised  iron  or 
steel  retains  this  polar  condition  at  the  ordinary  temperature, 
losing  it  however  at  a  red-heat.  Iron  does  not  undergo  any 
alteration  in  dry  oxygen  or  in  pure  air  at  the  ordinary  tempera- 
ture, nor  does  it  decompose  water  free  from  air  even  when 
warmed.  In  moist  air,  on  the  other  hand,  it  becomes  coated  with 
ferric  liydroxide,  or  iron  rust,  this  oxidation  being  greatly  assisted 
by  the  presence  of  carbon  dioxide  or  small  quantities  of  acid  va- 
pours. In  contact  with  air  and  water,  and  with  certain  acids 
and  .salts,  especially  ammoniacal  salts,  this  oxidation  or  rusting 
is  promoted,  whilst  the  liability  to  rust  is  diminished  in  the 
presence  of  alkalis.  The  formation  of  rust  takes  place  to  begin 
with  but  slowly,  but  if  a  very  thin  superficial  coating  of  oxide 
has  been  formed  the  process  goes  on  quickly.  In  order  to 
dimini.sh  the  liability  to  rust,  iron  articles  are  painted  with 
varnishes,  or  oil-colours,  or  the  surfaces  are  covered  with  oil, 
'  fat,  or  graphite.  A  coating  of  black  magnetic  oxide  of  iron, 
FcjO^,  serves,  however,  as  the  best  protection  against  the  rusting 
of  iron.  For  tlie  purpose  of  coating  objects  of  iron  •with  this 
oxide,  Becquerel  places  the  iron  as  tlie  positive  electrode  in  a 
solution  of  sulphate  of  iron  and  sal-ammoniac,  whilst  the  pro- 
cess recently  patented  by  IJarff  consists  in  exposing  the  iron  to 
the  action  of  superlicated  steam  at  a  temperature  of  about  650", 
when  a  film  of  hard  magnetic  oxide  is  formed  on  the  surface, 
>  Troost,  Bull.  Soe.  Chem.  [2],  9,  250. 
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and  this  does  not  undergo  any  further  change,  and  is  said  effec- 
tually to  protect  the  metal. 

In  contact  with  metallic  zinc  iron  becomes  electro-negative, 
and  is  thus  to  a  certain  extent  protected  from  rusting.  Iron 
dissolves  in  most  dilute  acids  with  evolution  of  hydrogen. 
Dilute  nitric  acid  dissolves  it  in  the  cold  without  the  evolution 
of  any  gas  and  with  the  formation  of  ferrous  nitrate,  Fe(NOg)j, 
and  ammonium  nitrate ;  when  heated,  or  when  a  stronger  acid 
is  employed,  oxides  of  nitrogen  are  evolved  and  ferric  nitrate, 
Fe(N'Oj)g,  is  formed. 

Passive  Iron.  Under  certain  circumstances  iron  is  not  acted 
upon  at  all  by  nitric  acid,  nor  does  it,  when  in  this  condition, 
precipitate  copper  when  brought  into  solutions  of  this  metal. 
Iron  in  this  state  is  termed  passive,  and  this  condition  is  brought 
al)0ut  by  dipping  the  metal  into  concentrated  nitric  acid  and  then 
washing  it  (Keir).*  Other  substances,  such  as  chloric,  bromic, 
iodic,  and  chromic  acids,  and  even  hydrogen  dioxide,  act  upon 
iron  in  a  similar  way.  According  to  Faraday  and  Beetz  this 
passive  condition  of  iron  depends  upon  the  formation  of  a  very 
thin  film  of  oxide,  and  this  conclusion  is  confirmed  by  the  fact 
that  iron  wire  may  also  be  made  passive  by  a  moderate  ignition. 

Iron  combines  readily  with  the  elements  of  the  chlorine 
group,  and  at  a  red-heat  it  bums  in  oxygen  and  the  vapour  of 
sulphur  ;  it  also  combines  with  carbon  when  brought  in  contact 
with  it  at  a  high  temperature,  and  for  this  reason  all  the  iron 
obtained  on  the  large  scale  contains  carbon  in  combination ;  and 
the  larger  tlie  quantity  of  this  element  it  takes  up  the  more 
readily  fusible  is  the  iron.  Cast-iron  contains  the  lai'gest 
quantity,  and  wrought-iron  tlie  smallest  quantity,  of  carbon, 
whilst  steel  contains  an  amount  intermediate  between  these  two. 

337  Iron  amalgam  does  not  form  readily,  but  on  acting  with  a 
one  per  cent,  sodium  amalgam  upon  a  solution  of  ferrous  sul- 
phate, a  semi-solid  mass  is  obtained  which,  when  in  small 
globules,  is  attracted  by  the  magnet.  On  distilling  this  amal- 
gam, metallic  iron  remains  in  a  fine  state  of  division  (Rottger). 
Tlie  same  amalgam  can  bo  formed  by  rubbing  powdered  iron 
with  mercuric  chloride  and  water.  If  an  iron  wire  be  attached 
,to  the  copper-pole  of  a  Daniell's  element,  the  wire  dipped  into 
»  solution  of  ferrous  sulphate,  whilst  another  iron  wire  from 
the  zinc-pole  touch  a  drop  of  mercury  lying  in  the  solution, 
amalgams  of  varying  composition  are  obtained  according  to  the 

'  Phil.  Trans.  1790,  879. 
85 
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intensity  of  the  current.  Those  containing  only  small  quantities 
of  iron  are  liquid;  those  in  which  more  iron  is  present  are 
soft  and  cr^-stalline.  One  containing  1032  of  iron  to  100  of 
mercury  forms  a  hard  hlack  mass  obtained  by  pressing  the 
liquid  amalgam  under  a  pressure  of  50  tons  on  the  square  inch.' 
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338  Several  mythical  stories  point  to  the  fact  that  in  very 
early  times  meteoric  iron,  which  falling  from  the  heavens  was 
considered  as  a  gift  of  the  gods  to  man,  was  employed  in  the 
manufacture  of  iron  weapons.  This  indee<l  appears  to  be  a 
practice  still  employed  by  certain  uncultured  tribes;  the 
Esquimaux,  as  we  liear  from  Ross,  employ  meteoric  iron  for  tlie 
manufacture  of  their  implements,  and  Kumbary  *  relates  that 
the  chiefs  in  the  Wadai  country,  in  Central  Africa,  possess 
many  weapons  which  have  been  worked  up  from  meteoric 
masses.  But  meteoric  iron  occurs  so  sparingly  upon  the  earth's 
surface,  and  is  in  fact  so  unsuited  to  the  manufacture  of  tougli 
forgings,  that  at  a  comparatively  early  period  in  the  historj'  of 
civilisation  men  set  about  the  smelting  of  iron  from  its  ores. 

The  enormous  deposits  of  ancient  slag  and  furnace-cinder 
which  are  found  spread  over  large  ai-eas  in  various  districts 
of  India  point  to  the  fact  that  the  iron  industry  existed  in  that 
country  at  very  early  times,  and  even  to  the  present  day  the 
manufacture  of  iron  is  carried  ou  in  India  in  the  most  primitive 
manner.  It  is  also  clear  that  the  ancient  Egyptians  were  well 
acquainted  with  the  uses  of  iron,  and  the  remains  of  their  iron- 
works have  recently  been  found  near  Sinai.  But,  independeutly 
of  these  sources,  a  knowledge  of  the  methods  of  working  irou 
ores  also  appears  to  have  been  gained  by  the  tribes  living  in 
the  North  of  Europe  whilst  the  inhabitants  of  the  Western 
Hemisphere  were  not  acquainted  witli  these  processes.  Little 
is  known  resjiecting  the  method  employed  by  the  ancients 
in  the  manufacture  of  iron;  the  slight  information  which  we 
possess  has  been  collected  together  by  Agricola  in  his  work, 
"  De  Veteribus  et  Novis  Metallis."  The  apparatus  employed  was 
evidently  of  a  primitive  kind,  and  consisted  of  a  small  hearth 
or  furnace  to  wliich  was  attached  a  bellows  or  blowing  arrange- 
ment driven  by  hand,  similar  indeed  to  that  which  is  now  in 
1  Joule,  Jmira.  Clwin.  Soc  [2],  i.  878.  •  Compt.  Send.  In.  619, 
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use   among   the  hill-tribes   in   India  and    in  Central  Africa. 

I     Malleable  iron  and  steel  were  both  produced  by  igniting  the 
iron  ore  wath  charcoal,  the  metal  being  obtained  in  the  form  of 

^^  porous  lump  or  "bloom,"  which  was  pressed  or  hammered 

^Huto  a  coherent  metallic  mass. 

1^    The  dexterity  exhibited  by  the   Hindoos  in  the  manufac- 
ture of  WTought-iron  may  be  estimated  from  the  fact  of  the 
existence  in  the   Mosque    of   the   Kutub   near   Delhi    of   a. 
wrought-iron  pillar  no  less  that  60  feet  in  length.'     This  pillar 

Itands  about  30  feet  out  of  the  ground,  and  has  an  ornamental 
lap  bearing  an  inscription  in  Sanskrit  belonging  to  the  fourth 
ientnry.  It  is  not  au  easy  operation  at  the  present  day  to  forge 
inch  a  mass  with  our  largest  rolls  and  steam-hammers;  how 
kis  conld  be  eftectcd  by  the  rude  hand-labour  of  the  Hindoos 
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339  Before  describing  the  several  methods  for  preparing  iron 

lie  various  ores  which  serve  for  this  preparation  must  be  men- 

anecL     The  term  iron-ore  includes  all  those  minerals  which 

Ontain  iron  not  only  in  a  sufficient  quantity,  but  also  in  a  con- 

|ition  which  enables  them  to  be  employed  for  the  economic 

luction  of   metal.      Thus,  for  example,  iron  pyrites,  FeSj, 

jlthough  it  occurs  in  very  large  quantities  and  contains  a  high 

ercentiige  of  iron,  cannot  properly  be  described  as  an  iron-ore, 

aasmuch  as  it  is  difficult  to  completely  remove  the  sulphur,  a 

iiall  proportion  of  which  renders  the  metal  unfit  for  use.     In 

Site  manner  arsenical  pyrites,  although  it  also  contains  a  largo 

juantity  of  iron,  is  unfit  for  the  production  of  the  metal ;  and 

lie  same  may  be  said  of  many  other  minerals  which  contain 

^e  quantities  of  iron. 

The  various  ores  of  iron  are  composed  of,  or  contain,  the 

tides  of  iron  in  more  or  less  pure  condition,  and  the  value  of 

iron  ore  depends  rather  upon  the  nature  of  the  impurities 

^hich  it  contains  than  upon  its  percentage  of  iron. 

The  ores  of  iron  occur  almost  in  every  geological  formation ; 

bus  magnetic  iron  ore  is  found  in  the  older  rocks,  as  in  the 

lurentian  beds  of  Xorth  America,  and  the  old  slates  and  gneisses 

Sweden,  whilst  red  haematite  occurs  in  beds  or  pockets  in 

'  A  cut  of  this  pillar  is  to  l>i<  seen  in  the  Architcctuml  Conrt  of  the  Sonth 
Bsin^on   Muwum,  and  a  dritwtng  of  the  sume  is  found   in  St.  John   Day's 
Vit  of  Iron  and  SUtl,  p.  144. 
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the  carboniferons  limestone  of  Combedand  and  Koifh  lanca- 
shire,  and  spathose  or  claj  iion-6tone  in  the  coaj.  measmes. 
Again,  the  oolitic  rocks  fntuish  large  deposits  of  brown  hsioa- 
tite,  and  the  Elba  ore  is  probably  a  tertiary  deposit  Still  more 
recent  formations  of  iron  ore  are  seen  in  the  Bog  ore  of  Germanj 
and  the  North  of  Ireland,  whilst  "  lake  ores  "  are  being  formed 
in  Scandinavia  at  the  present  day. 

340  Magnetic  Iron  Ore,  Magnetite,  Loadatoiu.'Eefi^.  This  ore, 
in  the  pure  state,  constitutes  the  richest  and  moetvalaable  ore  of 
iron.  It  occurs  in  the  crystalline  and  massive  state  as  well  u 
in  the  form  of  sand,  and  is  found  in  large  deposits,  especially  in 
volcanic  rocks,  as  well  as  in  granite,  gneiss,  and  mica-schist.  This 
ore  of  iron  is  difficultly  reducible,  but  it  yields  excellent  iron  and 
steeL  The  most  important  localities  of  magnetite  are  Arendal, 
Dannemora,  and  other  places  in  Norway,  Sweden,  and  Lap- 
land ;  the  island  of  Elba ;  the  Ural  Mountains  ;  and  in  seveiij 
localities  in  the  United  States.  In  England  magnetic  oxide  of 
iron  occurs  in  Eosedale  in  Yorkshire,  at  Dartmoor,  at  Brent  in 
South  Devon,  and  at  Treskerby  in  Cornwall ;  but  it  cannot  be 
said  to  be  an  important  English  ore.  In  Germany  it  is  found  in 
large  quantities  at  Schmiedeberg,  in  Silesia,  and  a  few  other 
localities. 

The  composition  of  some  important  Magnetites  is  given  on 
p.  37. 

These  analyses  show  that  the  relation  between  the  amount  of 
the  two  oxides  varies  considerably  according  as  the  monoxide 
has  been  more  or  less  oxidised  to  the  sesqui-oxide.  The  pure 
crystallised  mineral  occurring  at  Beiggieshiibel,  in  Saxony,  con- 
tains, according  to  Karsten, FbjOj  6924, FeO  3049  per  cent., and 
this  proportion  agrees  approximately  with  the  formula  FejO^. 

Franhlinite,  (FeMn).P3(FeZn)0,  occurs  in  New  Jersey,  and  is 
first  worked  for  zinc,  the  residue  being  used  as  an  iron  ore. 

341  lied  Ilamiatite,  or  Specular  Iron  Ore,  FCjOy  This  sub- 
stance occurs  crystalline  as  specular  iron  ore,  and  also  in  a 
massive  state  having  a  columnar,  granular,  or  botryoidal  form 
as  well  as  in  tlie  earthy  condition.  This  ore,  being  free  from  ini- 
jiurities,  yields  a  cast-iron  which  is  especially  well  adapted  for 
the  manufacture  of  malleable  iron  and  steeL  Haematite  occurs 
in  veins  as  well  as  in  beds  and  pockets.  One  of  its  most  remark- 
able localities  is  the  island  of  Elba,  where  it  occurs  finely 
crj'stallised  between  talcous  schist  and  crystalline  limestone. 
The  Elban  mines  were  worked  by  the  Etruscans  and  are  still 
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productive.  A  fine  haematite  occurs  in  the  Hiironian  rocks  on 
the  southern  shore  of  Lake  Superior,  whilst  at  Iron  Mountain, 
near  St.  Louis,  Missouri,  enormous  masses  of  this  ore  of  iron 
are  found,  On  the  continent  of  Europe  hismatite  occurs  in 
Belgium,  and  on  the  Lahn  in  "Westphalia  deposits  of  thia  ore 
are  found  in  the  Devonian  formation.  The  chief  deposits  of 
haematite  in  England  are  those  near  Ulverston  in  Lancashire, 
and  on  the  coast  of  Cumherland  near  "Uliitehaven ;  the  ore 
here  occurs  in  beds  or  pockets  in  the  carboniferous  limestone, 
sometimes  existing  as  hard  botryoidal  masses  exhibiting  crystal- 
line structure,  and  sometimes  in  a  soft  or  compact  amorphous 
condition. 

The  specular  iron  from  Elba  occurring  in  large  crystals  con- 
sists, according  to  Eammelsberg,  of  iron  pero.xide  together  with 
0'3  per  cent,  of  titanium  dioxide,  sometimes  as  much  as  0'8  of 
iron  monoxide  and  0'4  per  cent,  of  magnesia.  American  hsema- 
tites  are  also  frequently  extremely  pure ;  tlius  Jordan  found  an 
ore  from  Michigan  contained  the  following  impurities :  0"09  lime, 
O'll  magnesia,  0'28  insoluble  residue.  The  ore  as  employed  for 
the  production  of  iron  is  always  more  or  less  mixed  with 
"gaugue,"  as  is  shown  from  tlie  Analyses  on  p.  39. 

342  Broitm  Hccmatile,  or  Zimonite,  FejOg+re(OH)j=2Fe,03  + 
3H„0.  This  substance  occurs  crystallised  in  rhombic  prisms,  but 
is  more  frequently  found  either  in  a  fibrous  foliated  and  scaly 
condition,  or  as  a  dark  brown  renifonn  mass  and  commonly 
known  as  Brown  and  Yellow  Heeniatite.  In  the  massive  state 
this  ore  occurs  in  large  quantity  and,  as  it  can  be  readily 
worked,  it  has  been  long  employed  as  a  source  of  iron  (for 
analyses  see  table  on  p.  40).  It  is  found  in  the  carboniferous 
limestoue  as  well  as  in  the  older  rocks,  in  the  Forest  of  Dean, 
and  at  Llantrissant  in  Glamorganshire  in  the  lower  coal- 
measure  sandstones.  At  Bilboa  in  Spain  it  occurs  largely  in 
carbmiiferous  limestone,  whilst  the  newer  and  earthy  brown 
hosmatite  is  found  in  tlie  oolite  and  green-sand  in  Xorthamp- 
tonshire  and  Lincolnshire.  It  is  likewise  largely  worked  in 
Germany  and  France,  being  the  ore  from  which  the  greater 
part  of  the  iron  made  in  these  countries  is  derived.  The  bog- 
ores  which  are  worked  in  the  plain  of  North  Germany  and 
Canada  and  in  other  places,  as  well  as  the  peculiar  iron  ore  of 
the  North  of  Ireland  and  the  Swedish  lake-ore,  belong  to  thia 
class,  and  are  of  the  most  recent  geological  formation. 

343  Sjpatlu>se  Iron  Ore,  or  Sidtrile.     Spathose  iron  ore  consists 
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of  ferrous  carbonate,  FeCOj,  invariably  mixed  with  the  isomorph- 
ous  carbonates  of  manganese,  magnesium  and  calcium.  It  pos- 
sesses a  yellowish-brown  colour,  and  occurs  often  in  globular 
or  botyroidal  forms  having  a  silky  fibrous  structure.  It  is 
usually  found  in  Devonian  rocks,  occurring  in  England  at  Bren- 
don  Hill  in  Somerset,  at  Exmoor  and  at  Weardale  in  Yorkshire; 
The  most  celebrated  European  locality  is  the  Erzberg  in  Styria, 
where  not  less  than  110,000  tons  of  ore  are  annually  raised  and 
used  for  the  manufacture  of  the  celebrated  Styrian  steeL 
Spathose  iron  ore  also  occurs  in  large  quantity  in  Carinthia,  at 
Stahlberg  near  Miisen,  and  at  Siegen  in  Prussia. 


Analyses  of  Spathose  Iron  Ore. 


Source— 

WeanUle. 

Erzbeig. 

Stahlbeitb 
Miiten. 

Analyst — 

Tookey. 

Earsten. 

SchiMbel. 

Ferrous  oxide     .    .    . 

Ferric  oxide  .    . 

Manganous  oxide    .    . 

Lime 

;  Magnesia 

Carbon  dioxide  .    .    . 
j  Phosphorus  pentoxide . 
!  Sulphur 

Water 

Insoluble  residue    .     . 

49-77 
0-81 
1-93 
396 
283 
37-20 
trace 
0-04 
0-30 
3-12 

55-64 

2-80 

0-92 

1-77 

38-35 

47-16 

10-61 
0-50 
3-23 

38-50 

1 

Total     .    .     . 

99-96 

99-48 

100-00 

344  Clay  Iron-done  or  ArgUlacemis  Iron  Ore  is  a  spathose 
iron  containing  clay  or  sand,  and  is  chiefly  found  in  nodules  or 
bands  interspersed  throughout  the  clays  and  shales  of  the  coal- 
measures.  This  ore  is  the  most  important  English  ore  of  iron, 
as  fully  one-half  of  the  iron  made  in  this  country  is  reduced 
from  clay  iron-stone.  The  chief  workable  beds  of  British  clay 
iron-stone  occur  in  Yorkshire,  Derbyshire,  Stafifoi-dshire,  War- 
wickshire, South  Wales  and  Scotland. 

The  "  black  band  "  iron-stone  is  an  important  variety  of  this 
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ore.  It  contains  from  20  to  25  per  cent  of  coal,  and  is  found  in 
Lanarkshire,  North  Staffordshire,  and  South  Wales.  The  Scotch 
beds  were  discovered  by  Mushet  in  1800,  but  they  were  not 
worked  until  the  year  1830.  In  1855  the  same  ore  was  dis- 
covered in  \Ve8tphalia,  and  it  is  also  worked  in  Lower  Silesia. 
The  coal-measures  of  the  Gard  and  of  the  Aveyron  in  France, 
and  those  in  Pennsylvania  and  Maryland  and  other  SUtes, 
also  contain  large  quantities  of  clay  iron-stone.  The  same  oiv 
is  found  in  strata  in  the  Lias  and  also  in  the  Oolitic  and 
Tertiary  rocks,  the  Cleveland  iron  ore  belonging  to  this  htiet 
class.    Analyses  of  several  clay  iron-stones  are  given  on  p.  43. 
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IRON   SMELTING. 

34S  Calcination  of  the  Ore. — Before  treatment  in  the  furnace 
many  iron  ores,  especially  the  clay  iron-stones  and  the  brown 
haematites,  are  subjected  to  a  process  of  calcination  or  roasting. 
The  object  of  this  is  to  expel  water  and  carbonic  acid,  and  also 
to  oxidise  the  ore  as  well  as  to  render  it  more  porous,  and  thus 
to  facilitate  the  subsequent  reduction  of  the  metal.  At  the  same 
time  any  sulphides  which  the  ore  may  contain  are  oxidised 
and  the  sulphur  expelled.  The  ordinary  clay  iron-stone  is 
usually  roasted  in  large  open  heaps,  the  ore  being  mixed  with 
a  sufficient  quantity  of  coal  to  keep  up  a  slow  combustion.  A 
preferable  method  is  to  calcine  the  ore  in  kilns  or  roasters,  as  in 
these  the  consumption  of  fuel  is  less  and  the  product  more 
uniform  than  iu  the  ruder  process  of  roasting  in  heaps. 


(I.)  TuE  DiiiECT  EEDncTiox  OF  Malleable  Ieon  from  the 

Okks. 

346  Iron  Furnaces. — The  simplest  form  of  the  iron  furnace  is 
that  used  at  the  present  day  on  the  west  coast  of  India,  as  well 
as  in  the  Deccan  and  Camatic,  and  amongst  the  hill  tribes. 
Tlie  low-caste  Hindoos  who  work  in  h-on,  wander  from  place  to 
place  and  build  up  their  simple  apparatus  where  they  find  fuel 
and  ore  ;  this  latter  consisting  generally  of  magnetic  oxide  or 
brown  haematite.  The  furnaces  are  built  on  the  ground  and 
constructed  in  the  form  of  a  round  shaft  or  chimney,  from 
2  to  4  feet  in  height,  having  a  diameter  at  the  bottom  of  from 
10  to  16  inches,  and  at  the  top  of  from  6  to  12  inches.  At  the 
lower  part  there  are  two  openings  one  of  which  serves  for  the 
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blast  and  the  other  for  the  exit  of  the  slag  which  is  formed  by 
the  silicates  contained  in  the  ore,  as  well  as  for  the  extraction  of 
the  bloom  of  iron.     The  bellows  are  usually  made  from  a  goat's- 
skin  or  a  buflalo  hide,  fumislied  with  bamboo  tubes.     As  soon 
as  the  furnace  is  warmed  with  charcoal,  layers  of  the  broken 
ore  and  charcoal  are  built  in  the  shaft,  and  after  from  4  to  6 
hours  a  porous  bloom  of  iron  is  obtained,  varying  in  weight 
from  5  to  30  lbs.,  and  this  is  then  worked  under  the  hammer. 
Throughout  Central  India  and  in  the  north-east  provinces  the 
manufacture  of  iron  is  somewhat  further  advanced,  the  furnaces 
being  larger  and  of  a  similar  character  to  those  which  have 
been  or  are  still   in  use  in  various  parts  of  the  world,  as  in 
Africa,  Borneo,  and  certain  parts  of  Europe.   Even  to  the  present 
day  the  direct  reduction  of  malleable  iron  from  the  ores  is  carried 
on  in  some  European  localities,  especially  in  the  Pyrenees  and 
in  certain  districts  of  Spain  where  a  peculiar  forge,  termed  the 
Catalan  forge,  is  employed.     The  hearth  of  this  furnace  is  about 
3  feet  long,  2  feet  wide,  and  about  3  feet  deep ;  at  one  side  is  an 
opening  through  which  a  tuybre  is  placed.    The  blast  is  supplied 
by  the  air  carried  down  by  a  jet  of  falliog  water  in  a   blowing 
machine  termed  a  trompe.    According  to  tlie  size  of  tlie  hearth 
the  quantity  of  ore  employed  varies  from  3  to  10  cwt.  and  this 
requires  about  its  own  weight,  or  rather  more,  of  charcoal,  and 
yields  about  33  per  cent,  of  iron.     The  ores  employed  are  partly 
haematite  and  partly  brown  iron  ore  or  spathose  iron  ;  the  latter 
ores  are  previously  roasted  in  order  to  expel  water  or  carbon 
dioxide.     At  the  beginning  of  the  operation  a  weak  blast  is 
employed  in  order  that  the  metal  may  be  reduced  by  the  car- 
bon monoxide.     The   temperature  is  afterwards  increased  and 
blooms   of  metallic  iron  are  obtained,  which  need  only  to  be 
brought  under  the  hammer  to  yield  marketable  bar  iron.     By  a 
similar  process  the  Elba  specular  iron  has  been  worked  up  to 
within  recent  times  in  Corsica.    In  the  United  States,  especially 
in  districts  where  charcoal  is  plentiful,  similar  hloomcnj  forges 
are  still  worked  with  a  hot  bla.st  of  air.     Some  of  these  forges 
are  capable  of  turning  out  a  bloom  of  360  pounds  weight  every 
three  hours.     The  high  bloomery  furnace  or  "  Stiickofen "  of 
the  Germans  is  a  blast  furnace  formerly  in  use  in  Camiola,  and 
elsewhere,  for  the  direct  production  of  iron  from  the  ore  by  reduc- 
tion with  charcoal.     The  process  is,  however,  an  expensive  one 
owing  to  the  large  quantity  of  charcoal  needed,  and  it  has  been 
recently  superseded  by  other  and  cheaper  metliods. 
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(II.)  The  Manufactukk  of  Cast-Ikon. 


347  The  indirect  process  for  obtaining  malleable  iron  may  be 
divided  into  two  stages,  viz.,  first,  the  production  of  cast-iron  ; 
Becond,  the  subsequent  manufacture  of  malleable  or  wrought 
iron. 

The  Blast  FuTTiace. — The  application  of  the  blast  furnace  to 
the  manufacture  of  iron  marks  an  era  in  the  history  of  the 
iron  industry,  inasmuch  as  it  was  by  its  use  that  a  con- 
uous  process  of  iron  manufacture  became  possible.  The 
discovery  of  a  process  by  which  fusible  cast-iron  can  be  pre- 
ared,  appears  to  have  been  made,  probably  accidentally,  in 
Jermany,  about  the  end  of  the  fifteenth  century,  where  the 
tiickofen  had  long  been  in  use  for  manufacturing  blooms, 
o  description  of  the  process  is,  however,  to  bo  found  in  the 
older  writers  upon  metallurgy.  Thus  Agricola,  writing  in  1556, 
only  mentions  the  older  methods  of  iron  making,  although  he 
appears  to  have  been  acquainted  with  cast-iron ;  at  any  rate  the 
new  method  must  have  been  at  work  in  this  countrj'  in  1543, 
for  we  find  that  in  that  year  English  cast-iron  cannons  were 
used.  The  great  demand  for  cast-iron,  which  was  of  course  all 
made  with  charcoal,  soon  leading  to  a  destniction  of  our  forests, 
it  became  necessary,  in  the  first  year  of  the  reign  of  Elizabeth, 
to  endeavour  to  replace  charcoal  by  some  other  fuel  This 
as  accomplished  by  the  employment  of  coke  instead  of 
iharcoaJ,  a  practice  carried  out  in  England  as  early  as  the  firet 
alf  of  the  seventeenth  century.  The  problem  of  smelting  iron 
with  pit  coal  was  first  successfully  solved  by  Abraham  Darby 
,t  Colebrookdale,  about  the  year  1735.* 
The  blast  furnace  consists  of  a  shaft  varying  in  height  from  50 
90  feet,  and  the  largest  diameter  from  14  to  17  feet.  The  essen- 
'tial  parts  of  the  furnace  are :  first,  the  hearth,  or  circular  chamber, 
built  of  stone  and  lined  with  firebrick,  and,  in  the  second  place, 
a  shaft  or  chimney  formed  of  two  truncated  cones  joined  at  their 
,  the  upper  being  termed  the  "  body,"  and  tlie  lower  one 
"boshes."  Fig.  i:j4  shows  the  construction  of  such  an  ordi- 
nary furnace.  The  shaft  (a  B  c  n)  is  50  feet  liigh,  the  throat  (a)  is 
10  feet  in  diameter,  and  the  shaft  widens  to  the  point  (b),  termed 
he  belly,  where  it  is  IG  feet  in  diameter,  diuiiuishing  again  to 

'  For  further  interPBting  informntion  on  this  subject  the  reader  U  referred  to 
Percy's  adniimble  "  Sketch  of  the  Histoiy  of  Iron,"  Iron  and  SUtl,  p.  878. 


and  between  these  is  a  cavity  filled  with  tap-cinder  or  refractory 
sand ;  the  object  of  this  cavity  is  to  allow  the  moisture  to 
escape  from  the  brickwork.     To  keep  the  whole  well  dry,  the 
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foundations  are  traversed  by  uruiiud  galleries.  The  hearth  is 
composed  of  slabs  of  refractory  sandstone  cemented  with  fire- 
clay, and  the  bottom  of  each  is  usually  made  of  large  fire-bricks 
supported  on  masonry.  Only  three  sides  of  the  hearth  are  built 
to  the  bottom  ;  one  ending  withiu  a  short  distance  of  the  base, 
and  being  supported  by  a  strong  bearer  of  cast-iron,  on  which  a 
block  of  refractory  brick  («)  rests ;  this  is  termed  the  lymp.  A 
short  distance  beneath  the  tymp.and  a  little  in  front  of  it,  is  the 
damstarie  {g),  fixed  in  position  by  a  strong  plate  of  iron,  placed 
on  its  outer  side,  and  termed  the  duniplatc  (f).  Over  this  dam- 
stone  the  slag  flows  on  to  the  damplate  in  a  continuous  stream. 
The  throat  of  the  stack  is  generally  surmounted  by  a  chimney 
(k),  below  which  the  iron  cylinder  (o)  is  hung.  The  object  of 
this  cylinder  is  to  collect  the  unburned  combustible  gases 
escaping  from  the  throat,  and  to  enable  them  to  pass  through 
the  tubes  (P  p)  for  use  in  other  parts  of  the  works. 

Fig.  135  shows  the  con- 
struction of  the  furnace  by 
horizontal  section  at  c. 

The    construction   of    the 
modem    blast     furnaces    is 
ZDQch  less  massive  than  that 
■  the   older   ones,   such    as 
TOat  which  has  just  been  de- 
scribed.     They   are    termed 
cupola  furnaces,  and  are  en- 
tirely built  of  fire-bricks,  either  closely  bound  with  hoops,  or 
more  frequently  completely  cased  in  boiler  plate.   Fig.  l;-!()  shows 
such  a  furnace  lately  erected  at  Dutton  Brook,  near  Warrington. 

t.is  is  closed  at  the  top  with  a  contrivance  called  the  "  cup  and 
ae"  arrangement,  first  introduced  by  Mr.  Parry  at  Ebbw  Vale 
orks.  It  consists  of  an  inverted  cast-iron  cup  or  funnel  (a) 
ed  on  the  top  of  the  throat  of  the  furnace,  and  (/<)  a  cast-iron 
cone  suspended  by  a  chain  running  over  a  wheel,  and  having  a 
counterpoise  at  the  other  end.  When  the  cone  is  raised  against 
the  cup  the  throat  of  the  furnace  is  closed,  and  the  escape  of 
gases  into  the  air  prevented  ;  these  then  pass  out  of  the  furnace 

t'  side  openings,  and  are  conveyed  by  pipes  to  any  point  where 
e  heat  caused  by  their  combustion  can  be  made  available. 
The  blast  is  introduced  at  the  bottom  of  the  furnace  through 
tuy6re  holes  perforating  the  walls  of  the  hearth.     The  tuyeres 
aade  of  cast  or  wrought  iron,  and  have  a  double  casing, 
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furnace.     The  arrangement  of  the  tuyfere  pipes,  and  the  con- 
struction of  the  base  of  the  furnace  are  shown  in  Fig.  137. 

Fig.  138  represents  the  elevation  and  section  of  a  blast-furnace 
which  has  recently  been  erected  by  the  Barrow  Hjematite 
Steel  Company.  The  shaft  is  64  feet  in  height,  and  is  coated 
with  boiler-plate.  The  cone  (b)  and  the  cup  (")  arrangement  at 
the  throat  enables  the  charge  to  be  introduced  witliout  the  escape 
of  the  gases.    These  latter  pass  through  an  opening  in  the  side 


W 
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of  the  furnace  as  shown  by  the  arrows,  the  gases  being  drawn 
upwards  at  (h),  where  the  dust  collects,  and  then  passing  into 
the  gas-flue  (k).  Fig.  139  shows  the  construction  of  the  furnace 
in  the  line  (c  d)  ;  and  Fig.  140  that  in  the  line  (a  h).  The  former 
exhibita  the  five  tuyeres  (c)  and  the  main  (m)  through  which  the 
blast  is  carried. 

348  Hot  and  Cold  Mast.  Up  to  the  year  1828  air  was  blown 
into  the  furnace  at  the  ordinary  atmospheric  temperature,  but  in 
that  year  J.  R.  Neilson  ^  patented  a  process  for  heating  the  air 
before  it  passed  into  the  forge  or  furnace,  and  this  process, 
inasmuch  as  it  saved  from  15  to  45  per  cent,  of  the  fuel,  and 
was  also  accompanied  by  an  increased  productive  power  of  the 
furnace,  was  soon  generally  adopted.  For  the  purpose  of  heat- 
ing the  air,  the  waste  ga  ses  from  the  furnace  are  burned  in  a 

>  Patent  No.  5701,  March  SM,  182g. 
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Cowper's  or  Whitwell's  stove,  which  acta  on  the  principle  of 
Siemens'  regenerator,  and  the  temperature  of  the  blast  raised  to 
a  temperature  of  from  350°  to  700°. 

The  size  and  shape  of  blast  furnaces  have  been  and  continue 
to  be  very  diflferent.  Wlien  charcoal  is  employed,  as  was  for- 
merly universally  the  case,  and  is  still  so  in  countries  where 
wood  is  plentiful,  the  furnace  is  usually  only  from  20  to  30  feet 
in  height.  The  charcoal  iron  which  is  thus  manufactured  in 
Sweden,  Russia,  and  America  is  especially  valuable  for  the  pre- 
paration of  fine  iron  wire,  and  of  the  best  kinds  of  steel.  Blast 
furnaces  in  which  the  fuel  used  is  either  coke,  anthracite,  or 
ordinary  coal,  are,  on  the  other  hand,  of  much  larger  dimensions, 
the  exact  height  and  capacity  of  the  furnace  being  regulated  by 
the  nature  and  amount  of  iron  which  has  to  be  produced,  as  well 
as  (it  may  be  added)  by  the  ideas  of  the  ironmaster. 

In  the  year  1750  each  English  blast-furnace  produced  about 
300  tons  of  pig-iron  per  annum,  whereas  a  lai^e-size  modem 
furnace  yields  about  24,000  tons  in  the  same  period.  In  the 
Cleveland  district,  where  the  blast-furnaces  are  unusually  large, 
the  average  capacity  of  those  built  up  to  the  year  1854  was 
about  7,000  cubic  feet,  whilst  those  built  during  the  years  1870 
and  1871  have  an  average  capacity  close  upon  30,000  cubic  feet, 
the  largest  one  being  that  built  by  Mr.  Cochrane,  having  a  height 
of  92  feet,  and  a  capacity  of  42,500  cubic  feet.  The  production 
of  a  blast-furnace  increases,  of  course,  with  its  size,  but  not  in 
a  direct  ratio ;  thus  Mr.  Lowthian  Bell  has  shown  that  an  old 
furnace  of  1853,  having  a  capacity  of  fi.OOO  cubic  feet,  yields 
one  ton  of  iron  per  twenty- four  hours  for  every  190  cubic  feet 
of  space,  whilst  in  the  high  furnace  built  in  1870,  380  cubic 
feet  of  space  are  required  to  produce  one  ton  of  iron  in  the 
same  time :  hence  the  maximum  limit  of  economic  action  may 
be  passed  by  increased  size.  At  the  present  day  somewhat 
smaller  furnaces  are  again  being  built. 

349  Dlo\nnf)-in  the  Furnace.  For  the  purpose  of  starting  the 
newly-built  blast-furnace  it  is  necessary  that  the  whole  should 
l>e  gently  heated  by  means  of  a  small  fire,  usually  made  by 
piling  a  quantity  of  rough  dry  timber  in  the  heanh,  on  to  the 
top  of  which  charges  of  coke  are  placed.  As  soon  as  the  shaft 
has  become  warm,  regular  charges  of  calcined  iron-stone,  lime- 
stone, and  coke  are  added,  until  the  furnace  is  filled.  The  blast 
is  then  turned  on  to  about  one-fifth  of  the  quantity  usually  em- 
ployed, the  size  of  the  tuyeres  being  so  gradually  increased  that 
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it  is  not  until  the  furnace  has  heen  in  hlow  for  from  four  to  five 
■weeks  that  the  full-sized  pipes  are  used.  The  proportion  of  the 
materials  employed,  viz.,  iron-ore,  limestone,  and  fuel,  termed 
the  char(jc  or  biirdcn,  varies  considerably  according  to  the  nature 
of  the  ore.  If  it  be  siliceous  or  clayey,  the  proportion  of  lime 
added  must  be  increased  ;  whilst  if  the  ore  contain  lime  instead 
of  silica,  the  addition  of  silicates  may  be  requisite.  The  object 
of  these  additions  is  to  form  fusible  slags,  which  surround 
the  finely-divided  and  spongy  metal  formed  during  the  first 
stages  of  the  operation,  and  thus  preserve  it  from  oxidation,  at 
the  same  time  preventing  the  formation  of  ferruginous  slags 
and  a  consequent  loss  of  metal  If  more  difficultly  reducible 
ores  are  employed,  a  less  fusible  slag  is  needed.  When  the 
furnace  is  in  regular  blast,  a  constant  stream  of  slag  passes  out 
from  the  slag-hole,  tlie  iron  collecting  in  the  lower  part  of  the 
hearth,  and  being  from  time  to  time  removed  by  piercing  a  plug 
of  sand  and  clay  by  which  the  tap-hole  has  been  closed.  As  soon 
as  the  proper  proportions  l>etween  the  fuel,  ore,  and  limestone  has 
been  ascertained,  it  is  of  the  greatest  importance  that  these  pro- 
portions should  be  strictly  adhered  to,  and  for  thi.s  purpose  the 
charges  are  regularly  weiglied,  and  supplied  in  alternate  layers  at 
the  top  of  the  furnace. 

Whilst  the  workman  tenned  the  "  filler  "  is  occupied  in  bring- 
ing the  requisite  materials  into  the  furnace,  the  "  stove-man  "  is 
employed  at  the  bottom  of  the  furnace ;  his  business  is  to  see 
that  the  sing  runs  regularly  over  the  damstone,  and  to  tap  the 
molten  iron  at  given  intervals.  Before  tapping,  the  stove-man 
prepares  moulds  for  holding  the  metal ;  these  are  formed  in 
the  sand  as  a  series  of  parallel  trenches,  which  are  placed  in 
communication  with  the  tap-hole.  The  blast  of  air  is  then 
shut  off,  and  the  tap-hole  opened  by  piercing  the  plug  with  a 
long  bar  of  iron.  The  melted  iron  flows  into  the  channels 
communicating  with  the  moulds  and  assumes  the  form  of  semi- 
cylindrical  bars  or  pigs  united  to  one  another  by  one  of  larger 
dimensions  termed  the  sow. 

If,  owing  to  some  accident  to  the  machinery,  a  blast-furnace 
is  obliged  to  stand  when  hot,  the  operations  may  be  sus- 
pended for  several  days  if  the  throat  and  tuyere-holes  be  closed 
up  with  sand  or  clay.  Should,  however,  serious  damage  have 
occurred,  the  furnace  must  be  "  blown  out."  This  is  accom- 
plished by  reducing  the  burden,  and  thus  increasing  the  tem- 
perature for  a  time  so  as  to  remove  any  aggregations  of  solid 
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matters  which  are  fusible  only  at  a  high  temperatiire.  The 
contents  of  the  furnace  are  then  allowed  to  burn  out,  and  the 
last  tapping  is  made  at  a  point  as  low  dowu  in  the  hearth  as 
possible.  The  life  of  a  blast-furnace  varies  considerably,  lasting 
from  two  to  twenty  years  or  even  for  a  longer  time,  according 
to  circumstances. 

350  Chemical  Changes  in  the  Furnace.  A  large  number  of  in- 
vestigations have  been  made  on  the  subject  of  the  chemical 
changes  which  occur  in  the  blast-furnace,  but  in  spite  of  these 
our  knowledge  of  this  subject  is  still  far  from  complete.  The 
fuel  uniting  with  the  oxygen  of  the  blast  burns  with  forma- 
tion, in  the  first  place,  of  carbon  dio.vide,  and  tin's  is  reduced 
to  carbon  monoxide  by  contact  with  glowing  carbon.  This  latter 
gas  coming  into  contact  with  the  constantly  descending  charges 
of  ore,  reduces  the  ferric  oxide  to  spongy  metal,  and  this  soon 
becomes  coated  with  a  fusible  slag  of  silicate  of  lime.  The 
zone  in  which  this  reduction  occurs  is  situated  at  a  higher  or 
a  lower  part  of  tlie  furnace  according  to  the  nature  of  the  ore, 
and  its  temperature  varies  from  600°  to  900°,  "When  the  ores 
are  porous,  they  are  more  easily  permeated  by  the  carbon  mon- 
oxide present,  and  the  reduction  takes  place  more  quickly  than 
when  denser  ores  are  employed.  As  the  spongy  iron  descends, 
it  arrives  at  the  hotter  parts  of  the  furnace,  the  temperature  of 
which  reaches  to  1000°  in  the  belly  or  widest  part  of  the 
furnace.  At  this  point  the  finely-divided  spongy  iron  begins 
to  take  up  carbon,  and  it  may,  therefore,  be  termed  "  the  zone  of 
carburisation."  The  iron  does  not,  however,  become  saturated 
with  carbon  until  a  lower  point  has  been  reached,  at  which  the 
temperature  rises  to  about  1400°.  In  this  zone,  which  is  the 
hottest  part  of  the  furnace,  the  materials,  whicli  were  formerly 
in  a  pasty  state,  melt  completely,  running  down  into  the  hearth, 
where  tlie  ligliter  slag  floats  on  the  surface  of  the  heavier  iron, 
and  thus  protects  it  from  t!ie  oxidising  action  of  tlie  blast. 
Other  important  changes  in  the  composition  of  the  iron  occur 
as  the  metal  passes  down  the  furnace.  In  the  first  place,  the 
spongy  iron,  in  passing  through  the  zone  of  reduction,  takes  up 
sulphur  from  the  ores ;  and,  secondly,  when  the  temperature 
reaches  a  higher  point  in  the  zone  of  carburisation,  the  phos- 
phates contained  in  the  ore  are  reduced,  and  tlie  phosphorus  is 
taken  up  by  the  iron.  At  a  still  higher  temperature  the  fused 
iron  reduces  silicon  from  tlie  sUicates,  and  this,  together  with 
manganese,  aluminium,  and  other  metals,  remains  as  impurity 
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in  the  cast-iron.    These  various  zones  of  the  blast-furnace  are 
not  well  defined,  but  pass  gradually  from  one  to  the  other. 

351  Gases  of  the  Bla.st-Fvmarc.  The  composition  of  the  blast- 
furnace gases  naturally  varies  in  the  diiferent  zones  and  under 
different  conditions  of  burden.  The  interaction  of  the  carbon 
dioxide  and  carbon  monoxide  present  in  the  blast-furnace  gases 
is  of  interest.  The  monoxide  is  reconverted  during  the  reaction 
into  the  dioxide,  aud  this  either  remains  unaltered  or  is  recon- 
verted into  the  monoxide  according  to  the  temperature  which 
prevails  in  the  upper  part  of  tlie  furnace.  The  researches  of 
Lowthian  Bell  and  von  Tunner  have  shown  that  the  relation 
between  the  volumes  of  the  escaping  carbon  dioxide  and  carbon 
monoxide  represents,  under  otherwise  similar  conditions,  the 
economical  working  of  the  blast-furnace,  and  -the  limit  of  eco- 
nomical working  is  reached  when  from  40  to  60  volumes  of 
carbon  dioxide  are  present  for  100  volumes  of  carbon  monoxide. 
The  furnace  gases  contain,  in  addition,  nitrogen  of  the  air,  hy- 
drogen derived  from  the  reduction  of  aqueous  vapour,  as  well  as 
hydrocarbons,  and  frequently  small  traces  of  cyanogen. 

It  has  been  stated,  although  there  is  considerable  doubt  on  the 
question,  that  the  carburisation  of  the  iron  is  brought  about  less 
by  the  action  of  these  carbonaceous  gases  than  by  the  vapours 
of  the  c.yanidi?3  of  the  alkali-metals,  the  formation  of  which  can 
be  readily  understood  when  we  remember  that  the  ores  and  lime- 
stone always  contain  alkalis.  The  finely-divided  solid  carbon 
also  appears  to  play  an  important  part  in  the  reduction  of  the 
metal,  and,  according  to  the  experiments  of  Cailletet,'  it  appears 
that  even  at  the  hottest  part  of  the  furnace,  and  at  the  point  at 
which  the  combustion  is  most  perfect,  carbon  exists  in  the 
solid  state  from  the  dissociation  of  carbon  monoxide  into  cai-bon 
dioxide  and  carbon  brought  about  at  very  high  temperatures. 

Many  analyses  of  the  blast-furnace  gases,  collected  at  various 
heights  above  the  tuyeres  and  under  varying  circumstances,  have 
been  made  by  several  chemists.  The  following  analyses  give 
an  idea  of  the  varying  nature  of  the  composition  of  these  gases : 
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Wood-Charcoal  Furnace  at 

Veekerhagen, 

near  Cassel.    Height 

5-97 

m.  (Bunsen). 

Dept])  in  meters  below  the  month— 0-86 

2-60 

4-82 

Nitrogen 

62-34 

63-89 

64-58 

Carbon  dioxide 

8-77 

3-60 

5-97 

Carbon  monoxide . 

24-20 

29-27 

26-51 

Marsh  gas    . 

3-36 

107 

1-88 

Hydrogen    . 

1-33 

2-17 

106 

100-00       100-00      100-00 


Hot-Uast  Coke-furnace  at  Seraing  in  Belgium.    Height  14-43  ni. 


(Ebel 

men). 

Depth  m  meters  below  the  mouth— O'SO 

8-05 

1871 

Nitrogen 

57-06 

61-67 

54-63 

Carbon  dioxide     . 

11.39 

1-08 

Carbon  monoxide . 

28-61 

35-20 

45-05 

Marsh  gas    . 

0-20 

0-33 

0-07 

Hydrogen    . 

2-74 

1-72 

0-25 

100-00      100-00      100-00 


Cold-blast  Coal-fiomace  at  Jlfreton.    Height  11  m.    (Bunsen 
and  Playfair). 

Deptlt  in  meten  below  mouth — 1  '52 
Nitrogen      .        .        .        55-35 


Carbon  dioxide    . 
Carbon  monoxide 
Marsh  gas    . 
Hydrogen     . 
defiant  gas  . 
Cyanogen     . 


10-86. 

58-05 


7-77 
25-97 
3-75 
6-73 
0-43 


6-18 

55-49 
12-43 
18-77       37-43 

4-31 

7-62  3-18 

1-38 

—         •  1-34 


100-00       100-00      10000 


Amongst  the  products  of  the  blast-furnace  a  variety  of  sub- 
stances occur  which  choke  or  block  up  portions  of  the  furnace. 
Thus  in  smelting  zinciferous  iron-ores  a  compact  incrustation  of 
fumace-calamine,  consisting  chiefly  of  oxide  of  zinc,  is  found 
round  the  throat  of  the  furnace,  and  no  less  than  100  tons  of 
this  compound,  termed  "gichtsch warn  m,"  are  annually  obtained 
ftom  iron  furnaces  near  Aix-la-Chapelle. 
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An  interesting  substance  sometimes  found  in  tlie  blast-furnace 
is  a  cyano-nitride  of  titanium  ;  and,  in  addition  to  this,  "  kish," 
or  graphite,  as  well  as  silicates,  sulphides,  and  the  oxides  of 
other  metals,  occur  as  solid  deposits  in  the  furnace. 

352  Varictus  of  Pig-  or  Cast-Iron.  Pig-iron  may  be  divided 
into  two  chief  classes,  white  cast-iron  and  grey  cast-iron,  and 
between  these  we  have  several  intermediate  conditions  classed 
together  as  ?rw(!kd  cast-irons. 

White  cast-iron  contains  the  whole  of  its  carbon  in  the  com- 
bined state,  and  when  the  iron  is  dissolved  in  hydrochloric  or 
sulphuric  acid  various  hydrocarbons  are  formed,  and  these  im- 
part a  peculiar  and  disagreeable  odour  to  the  hydrogen  which 
is  evolved.  Grey  cast-iron,  on  the  other  hand,  in  addition  to 
chemically-combined  carbon,  contains  graphite,  and  this  separates 
out  as  black  scales  when  the  iron  is  treated  with  an  acid.  This 
fact  was  known  to  Bergman,  whilst  Guyton  de  Morveau  proved 
that  cast-iron  is  formed  when  wrought-irou  is  ignited  with  dia- 
mond powder ;  and  Karsten  showed  that  cast-iron  contains  carbon 
both  in  the  combined  state  and  free  in  the  form  of  graphite, 
this  latter  remaining  behind  when  t!ie  iron  is  dissolved  in  an 
acid.  The  gi-aphite  can  aUso  be  mechanically  separated  from 
the  iron  by  sieving  (Snelus). 

White  cast-iron,  of  which  Spiegeleisen  is  a  variety,  can 
generally  be  produced  more  cheaply  than  grey,  and  is  formed 
when  the  burden  of  the  furnace  is  heavy  and  the  temperature 
comparatively  low.  It  melts  at  a  lower  temperature  tlian  grey- 
iron  ;  it  is  l&ss  liquid,  and  on  cooling  passes  through  an  inter- 
mediate or  pasty  state,  contracting  considerably  on  solidification. 
Grey  caat-iron,  on  the  other  hand,  is  formed  at  a  high  tempera- 
ture and  e.xpauds  on  solidification,  and  is  for  this  reason  best 
adapted  for  foundry  purposes. 

l^picgcl  or  spc-cular  pig-iron  is  a  wliite-iron  containing  the 
largest  proportion  of  carbon,  vai-jnng  from  3-5  to  6  per  cent.  It 
is  extremely  hard  and  highly  crj'stalline,  and  contains  manganese 
as  an  essential  constituent.  The  specific  gravity  of  spicgel  is 
from  T'G  to  7'7,  and  it  is  largely  used  in  the  manufacture  of  steel 
When  Spiegel  contains  25  per  cent,  and  upwards  of  manganese,  the 
mass  attains  a  granular  structure,  and  is  tcnacd /crro- manganese. 
It  is  largely  employed  in  the  manufacture  of  steel  by  the 
Bessemer  process. 

The  following  analyses  give  the  composition  of  spiegel  and 
ferro-manganese : 


VARIETIES  OF  CAST-IRON, 
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SriBoKi. 

FntiuvHAiiaumiL 

LociUity. 

Danneraotm. 

8li!gca. 

DuUbarg. 

New  Jsneir. 

Prleger. 

Sening. 

Iron      .     . 

92906 

88-56 

76030 

81-863 

10-14 

51-98 

Manganese. 

1-987 

5-75 

18700 

11-500 

72-75 

40-45 

Carbon .     . 

0-809 

5  04 

4-770 

6  900 

7-15 

5-44 

Silicon  .     . 

0176 

0-41 

0-090 

0-100 

0-87 

1-86 

Sulphur 

trace 

0-08 

0-012 

0137 

0-02 

0-21 

Phosphorus 

0-122 

— 

0-280 

— 

0-07 

0-10 

C!oppei  .     . 

— 

0-16 

0-118 

100  000 

100-00 

100-000 

100000 

100-00 

100-00 

^ 


The  slags  of  spiegel  are  rich  in  manganese  and  calcium. 
353  White-Iron.  This  contains  less  carbon  than  spiegel,  and  is 
formed  when  the  temperature  of  the  furnace  is  not  high  enough 
for  complete  carburisation.  It  melts  at  a  Iiigher  temperature  than 
piegel,  and  when  heated  it  remains  for  some  time  in  a  pasty  con- 
ition  before  fusing  completely.  Wliite-iron  is  very  hard  and 
irittle,  it  possesses  a  laminar  structure,  and  is  sometimes  vesi- 
cular or  honey-combed  from  the  evolution  of  gas  given  off  as  the 
metal  cools.  It  is  especially  used  for  the  preparation  of  wrought- 
iron.     Its  composition  is  seen  from  the  following  analyses : 

,  Analyses  of  White- Iron. 


UKtVtT. 

Dorhtm. 

Curt- 

Bherric 

Sonth 

WulM. 

EiaeiKra. 

Ncatnrg. 

Luxem- 
burg. 

Scbwechat. 

iron      .     . 

93183 

8»'41 

94-40 

96  189 

94-205 

94-87 

93-711 

ianguicse 

2-370 

2-71 

0-20 

0453 

1-820 

0-22 

2-670 

Carbon  .     . 

4-tOO 

3  33 

2-40 

3  009 

3123 

210 

2  830 

Jilicon  .     . 

0-230 

1-12 

0-80 

0-265 

0-616 

0'91 

0  520 

Julpfior      . 

0  030 

2-52 

0-70 

0011 

0045 

0-08 

0-085 

Phusphojus 

o-o:3 

0-91 

1-50 

0-073 

0  036 

1-82 

0184 

Copper  .     . 

o-ou 

— 

— 

— 

0-155 

lOOtlOO 

10000 

100-00 

100  000 

inoooo 

100  00 

100-000 

The  slags  of  white-iron  contain  less  calcium  than  those  of 
BpiegeL 

Grey-Iron.  When  the  temperature  of  the  furnace  is  high  the 
[iron  contained  in  the  furnace  above  the  zone  of  fusion  becomes 
Maturated  with  carbon  and  grey-iron  is  formed,  from  which  a 
irt  of  the  carbon  separates  out  on  cooling  in  the  form  of  cry- 
rstalline  scales  of  graphite.  Grey-iron  is  a  mixture  of  white 
biron  with  a  crystalline  iron  free  from  carbon.      It  possesses 
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a  lighter  or  a  darker  colour  according  to  the  quantity  of  gra- 
phite which  separates  out,  and  several  intermediate  qualities 
of  mottled  cast-irons  exist  between  white-  and  grey-iron,  these 
being  produced  when  the  temperature  does  not  greatly  exceed 
that  necessary  for  carburisation.  If  molten  grey  pig-iron  be 
quickly  cooled  by  running  into  water  or  into  a  cold  metal  mould 
chilled  white  iron  is  produced.  This  possesses  a  scaly  crj'stal- 
line  structure  and  a  wiiite  colour,  and  contains  very  finely- 
divided  graphite  in  addition  to  combined  carbon.  On  the  other 
hand,  if  white  iron  be  slowly  cooled  from  the  fused  state  it  is 
converted  into  grey-iron. 

354  Mottled-Iron.  This  variety  of  cast-iron  stands  in  an  inter- 
mediate position  between  white-  and  grey-iron.  It  is  obtained 
from  pure  but  difficultly  reducible  ores  •worked  at  a  tempera- 
ture 80  high  that  a  homogeneous  product  is  formed  which  does 
not  contain  an  excess  of  either  graphite  or  silicon.  Such  iron 
has  a  light  grey  granular  structure,  and  ctva  be  used  both  for  the 
foundry  and  for  tlie  production  of  wrougUt-iron,  as  well  as  for 
the  production  of  Bessemer  steel. 


Analyses 

of  Mottled-Iron 

1 

(") 

('') 

k) 

W 

W 

(J) 

(rt 

rron       .     .     ,     . 

&3-691 

wm 

S3 -301 

9274 

94-56 

88-89 

Graphite    .     .     . 

3.768 

1-86 

2-28 

2-1180 

4-40 

3-10 

2-59 

Combined  Carbon 

0BS2 

0-35 

0-72 

0-618 

trace 

004 

0-79 

Silicon  .... 

0-i32 

283 

1-35 

2-720 

2-88 

2'16 

613 

Siil[iliar     .     .     . 

0151 

010 

003 

0-0(52 

0-08 

on 

0-17 

Phoapborus    .    . 

trace 

0-03 

1-17 

0-030 

0-10 

0-63 

1-12 

Maugnnese     .     . 

l-<26 

0  07 

0-105 

— 

0-50 

0-77 

loo-ooo 

100  00 

100 '00 

100-00 

101-10 

Copper 

. 

0-010 

ralcium    . 

0-23 

Nickel  a 

nd  Cobalt 

0-04B 

Magnesium 

0  06 

Arsenic 
Calcium 

.     .     . 

0-07fi 
0-087 

Titanium  . 

0-28 

100-00 

99  996 

I 


(ii)  Charcoal  imn  from  IlsenbuTg.  («)  Hot  blast  from  Scotland. 

(i)  Coke.     Hot  blaat  from  Whitehaven.      (/)  Coke.     Cold  blast  from  Dowlais. 

(c)  „  ,,  ,,     Clevelimd.  {<7)  Silvery  iron,  Clarence. 

(d)  Bessemer  pig,  from  Crown  point,  Lake  Cbamplain. 

If  pure  ores  and  pure  furls  are  .smelted  with  cold-blast  and 
suitable  burden,  a  light  grey  irou  is  obtained  containing  little 
silicon,  and  valuable  for  the  manufacture  of  the  best  wrought- 
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iron  for  the  production  of  fine  wire ;  whereas  when  the  tempera- 
ture of  the  blast  ia  high,  and  when  common  ores  containing 
snlphor  are  employed,  a  granular  iron  suitable  for  foundry  pur- 
poses ia  obtained.  If  the  ore  be  rich  in  clay  and  silicates,  a 
light  finely -granular  iron  known  as  siiiTri/-iron  is  produced  undet 
the  latter  conditions  as  regards  temperature. 

(IIT.)  Production  oj  "Wjoiught-Iron  fkom  Cast-Ibon. 

355  "Wronght-iron  contains  less  than  Oo  per  cent  of  carboh. 
and  its  malleability  increases  as  the  quantity  of  carbon  diminishes, 
•whilst  its  point  of  fusion  rises.  Wro\ight-iron  is  malleable,  and 
at  a  strong  red-heat  becomes  plastic  so  as  to  be  capable  of  being 
■welded,  and  this  the  more  readily  the  lower  its  percentage  of 
carbon.  Malleable  iron  containing  only  small  quantities  of 
carbon,  retains  its  hardness  under  all  circumstivnces,  whereas 
a  pro<luot  containing  more  carbon,  to  which  the  name  of  steel  is 
given,  can  be  hardened  or  tempered.  No  sharp  distinction  can, 
however,  be  drawn  between  wrought-iron  and  steel,  the  one 
gradiully  passing  into  the  other  according  to  the  amount  of 
carbon  which  tlie  metal  contains. 

It  has  already  been  stated  that  before  the  introduction  of  the 
blast>-furnace  malleable  iron  was  obtained  on  a  small  scale 
by  direct  reduction  from  the  ore.  But  gradual  improvements 
in  the  iron-manufacture  have  led  to  the  discovery  of  a  method 
by  which  wrouglit-iron  can  be  obtained  in  quantities  larger  than 
is  possible  by  the  old  bloomery  processes.  This  consists  in  the 
conversion  of  cast-iron  into  wrouglit-ii-on. 

The  first  step  in  this  conversion  is  termed  rrjining.  It  consists 
in  the  fusion  of  the  pig  in  an  oxidising  atmosphere  in  a  refining 
Jnmace  heated  by  a  blast,  the  object  of  the  operation  being  to 
oxidise  the  carbon  and  silicon  contained  in  the  cast-iron.  The 
processes  adopted  ibr  this  purpose  vary  considerably  according 
to  the  composition  of  the  iron.  Figs.  141  and  142  show  the 
elevation  and  plan  of  a  six-tuy^red  refinery.  When  the  oxida^ 
tion  has  proceeded  far  enough  to  reduce  the  percentage  of  silicon 
and  carbon  to  the  requisite  point,  the  tap-hole  is  opened  and  the 
iron  allowed  to  run  into  moulds,  and  the  cast-iron  cooled  by 
wat«r.  The  refined  iron  is  highly  crystalline,  white,  and  brittle, 
the  carbon  being  contained  in  the  combined  state.  The  follow- 
ing analyses  by  Abel  of  pig-iron,  before  and  after  refining,  from 
Konigshiitte  in  Silesia,  give  the  different  percentages  of  silicon. 
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phosphorus,  and  sulphur,  aad  show  that  ia  this  process  the 


silicon  is  eliminated,  whilst  phosphorus  and  sulphur  are  less 
affected : 


THE  PUDDLING  PROCESS. 


CI 


Pig-iron.  Refined-iron, 

Silicon 4-66  062 

Phosphorus 0'56  052 

Sulphur 0-04  0  03 


The  slag  obtained  in  this  process,  known  as  rcfiiifry-slag, 
arms,  when  cold,  a  dark  crj'stalliue  mass,  with  an  almost  me- 
tallic lustre.  It  consists  chiefly  of  FejSiO,,  in  which,  however, 
a  part  of  the  iron  may  be  replaced  by  manganese,  calcium, 
magnesium,  &c.  Not  uufrequently  distinct  crystals  of  olivine, 
(MgFe)jSiO^,  have  been  found. 

The  refined  iron  is  now  ready  for  its  conversion  into  wrought- 
iron.  This  is  effected  either  in  an  open  hearth  by  a  blast  of  air,  a 
process  term^  fining  (tlie  "  frischen"  of  the  Gemians),  or,  more 
commonly,  in  a  reverberatory  furnace,  when  the  process  is  tenned 
puddling. 

Various  methods  of  fining  are  in  use.    Amongst  the  most 

iportaut  are  the  German  or  Wallon,  and  the  Tjincashire  and 

3uth  Wales  processes.     In  all  of  these  the  pii,'  or  refined-iron 

first  gradually  oxidised,  and  then  worked  into  a  bloom,  when 

be  iron  is  said  to  "come  to  nature,"  and  this  is  afterwards 

'shingled  "  or  hammered  under  a  "tilt-hammer"  into  a  square 

Wock,  which  can  be  cut  up  and  rolled  into  bar. 

356  The  PitdJliiig  Process.  In  England  at  present  the  prelimi- 
sary  process  of  refining  has  generally  been  superseded  by  wliat  is 
ermed  "  pig-boiling  ; "  that  is,  the  pig-iron  is  at  once  submitted 
the  operation  of  puddling  witiiout  pre\'iou3  refining.  The 
Iiemical  reactions  which  take  place  in  both  of  these  methods 
re  identical.  They  consist,  in  the  first  place,  of  the  conversion 
the  graphitic  into  combined  carbon,  and  the  consecjuent 
khange  from  grey-  to  white-iron,  and  afterwards  of  an  almost 
amplete  oxidation  of  the  carbon  and  silicon,  wliilst  in  the 
puddling  process  the  sulphur  and  phosphorus  also  are  almost 
Bnlirely  got  rid  of. 

The  puddling  process  invented  by  Henry  Cort  in  the  year 
1784  is  now  universally  employed  wherever  fuel  is  plentiful,  as 
by  its  means  much  larger  blooms  can  be  worked  than  is  possible 
in  the  refinery.  An  ordinary  puddling  fumaco  is  shown  in 
ration,  section,  and  plan  in  Figs.  14:5,  144,  and  145.  The 
pd  or  hearth  of  the  furnace  (h)  is  supportcfi  by  a  cast-iron  plate ; 
;  each  end  of  the  hearth,  which  is  usually  6  feet  long,  is  a  wall 
built  of  firebrick,  one  end  being  called  the  fire-bridge  (b),  and  the 
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other  the  flue-bridge  (d).  The  bottom  and  side  plates  of  the 
hearth  are  lined  with  a  coating  of  tap-cinder,  which  is  heated 
until  it  becomes  soft,  and  is  then  spread  evenly  over  the  floor  of 
the  hearth.  Above  this  is  placed  a  coating  or  "  fettling "  of 
ferric  oxide  of  about  1 J  inches  in  thickness,  and  this  is  renewed 
from  time  to  time  as  it  wears  away.  Neither  of  these  coatings 
is  shown  in  the  figures.  The  fire-bai-s,  which  are  sometimes 
placed  in  a  slanting  position,  are  seen  at  (f),  and  the  area  of  the 
grate  should  be  from  one-half  to  one-third  of  that  of  the  bed. 
A  powerful  draught  is  obtained  by  means  of  a  brick  chimney,  the 
top  of  wliich  is  funiislied  with  a  damper,  which  can  be  opened 
and  shut  at  will  by  the  workman  by  means  of  a  handle,  and 
thus  the  passage  of  air  through  the  furnace  regulated.  In  some 
furnaces  gas  is  employed  with  a  Siemens'  regenerator,  and  in 
America,  petroleum,  or  even  tlie  gas  from  the  petroleum  springs, 
has  been  used  as  a  source  of  heat. 

The  puddling  process  may  be  di^^ded  into  four  stages  : 

1.  The  fusion  or  melting  down  of  the  charge. 

2.  The  working-up  or  incorporation  of  the  fused  mass  with 
the  oxidising  fluxes  formed  by  tlie  union  of  the  iron  oxide  of  the 
fettling  with  the  silicon,  &c.,  of  tJie  cast-iron. 

3.  The  separation  of  carbon,  silicon,  phosphorus,  and  sulphur, 
and  other  impurities  by  exposure  to  heated  air. 

4.  Tlie  mechanical  squeezing  and  hammering  of  the  bloom  to 
get  rid  of  the  fusible  slag,  and  to  weld  the  porous  iron  together 
to  a  firm  homogeneous  mass. 

In  the  puddling,  as  well  as  In  the  refining  process,  the  silicon 
is  first  burnt  out,  and  then  the  carbon  gradually  disappears. 
Almost  the  whole  of  the  phosphorus  contained  in  tlie  pig  is 
foimd  in  the  tap-cinder  as  phosphide  and  phosphate.  A  part  of 
the  sulphur  probably  passes  away  as  sulphur  dioxide,  but  some 
is  left  in  the  cinder  as  iron  sulphide.  The  tap-cinder  is  rich  in 
iron,  and  is  difficultly  reducible ;  but  it  is  nevertheless  employed 
for  the  manufacture  of  a  common  kind  of  iron.  The  following 
analysis  of  tap-cinders  give  an  idea  of  the  composition  of  this 
nuieriol: 


Analyaa  of  Tap-Cinder. 
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357  The  following  analyses  made  by  J.  G.  Snelus'  give  an  idea 
of  the  consecutive  chemical  changes  which  take  place  in  the  pas- 
sage from  cast-  to  wrought-iron :  (a)  is  the  mottled  Cleveland 
iron  which  was  puddled ;  (b)  a  portion  taken  out  when  melted ; 
the  composition  ten  minutes  later  is  shown  by  (r) ;  after  a  lapse 
of  twenty  minutes  by  analysis  {(t) ;  the  composition  of  the  bloom 
is  shown  in  (c) ;  and  the  puddled  bar  in  (/) :  a  C  stands  for 
combined  carbon,  aud  jS  C  for  graphite : 
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Another  grey  Staffordshire  iron  (a)  (Coneygreen)  gave  the  fol- 
lowing results  :  (&)  is  the  composition  after  fusion  ;  five  minutes 
later  (c) ;  and  the  composition  of  the  bloom  (d) : 


a 
h 
c 
d 


Fb. 
93-29 
95-68 
96-55 
95-75 


oC. 

1-26 
2-55 
2-50 


PC. 
1-29 


Si. 

2-25 
0-92 
0-27 
0-38 


P. 
0-63 

0'36 
0-29 
0-25 


s. 
0-13 
0-11 
0'07 
0-05 


Mn. 
0-91 
0-43 

018 
0-16 


This  iron  was  puddled  in  Danks'  revolving  furnace,  and  in 
couseq^iience  of  the  reduotion  of  iron  from  the  slag,  the  yield  of 
wrought-iron  was  from  10  to  12  per  cent,  in  excess  of  the  weight 
of  the  pig-iron  used,  whereas  in  the  onlinary  puddling  fm-nace  a 
loss  of  iron  of  the  above  atnoutit  is  usually  met  with. 

358  Mcclumical  PudJling  Procfs.<s.  In  order  to  avoid  the  heavy 
'  mechanical  labour  necessary  in  the  ordinary  puddling  processes, 
revolving  puddling  furnaces  have  been  invented  by  Danks, 
Crampton  and  others.  The  constnictiou  of  these  furnaces  is 
somewhat  similar  to  that  of  the  revolving  black-ash  furnace. 
The  oxidation  is  entirely  effected  by  the  oxide  of  iron  of  the 
"  fettling,"  the  carbon  and  silicon  being  thus  burnt  out,  and  the 
phosphorus  and  sulpliur  removed  in  the  cindei-  or  slag  formed. 
It  would  seem  that  the  amount  of  sulphur  and  phosphorus 
'  iJfpor*  Iron  and  SMJnslituU,  1872,  246. 
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contained  in  mechanically  puddled  iron  is  less  than  that  present 
in  ordinary'  puddled  bar. 

359  ProjjiTtics  of  Wrov/jht  Iron.  Good  hammered  and  rolled 
bar-iron,  when  it  contains  from  O'lo  to  03  per  cent,  of  carbon 
possesses  a  fibrous  texture,  but  when  the  amount  rises  to  0'5  or 
above  it  possesses  a  granular  or  crystalline  structure.  Fibrous 
iron  is  soft  and  possesses  a  grey  colour ;  granular  iron  is  harder 
and  has  a  dead  silvery  lustre.  The  hardness  of  iron  increases 
with  the  amount  of  carbon,  until  when  0*6  per  cent,  is  reached, 
the  metal  becomes  steel.  Iron  melts  at  fiom  1,900' to  2,100°, 
according  to  the  amount  of  carbon  which  it  contuius.  The  phy- 
sical properties  of  commercial  iron  vary  widely,  being  largely 
influenced  by  the  nature  and  amount  of  the  impurities  which 
the  iron  contains.  Thus,  for  instance,  sulphur  imparts  to  iron 
the  property  of  becoming  brittle  wjiilst  hot,  or,  as  it  is  technically 
tenneci  "  red-short,"  whilst  phosphorus  renders  iron  weak  at  the 
lordinary  temperature,  when  the  iron  is  said  to  be  "  cold-short." 
Cold-short  iron  exhibits  a  peculiar  fracture,  and  the  property  of 
cold-shortness  appears  to  depend  upon  a  pecuhar  cr}'stalline 
Icondition  of  the  iron,  so  that  it  appears  probable  that  the  method 
of  manufacture  as  well  as  the  percentage  of  phosphorus  has  an 
influence  in  producing  the  condition  of  the  iron.  The  lower  the 
temperature  at  which  the  puddling  takes  place  the  more  easily 
is  the  phosi)horu3  got  rid  of.  For  at  a  high  temperature  the 
iron  takes  up  phosphorus  from  the  pihosphates  contained  in  the 
I  siliceous  slags.  This  fact  has  lately  been  made  use  of  by  Mr. 
Lowthinu  Bell  in  a  propo.sal  to  extract  the  phosphorus  in  the 
process  of  Bessemer-steel  making. 

Silicon  exerts  an  influence  similar  to  that  of  carbon,  making 
the  iron  harder  and  more  easily  fusible.  Manganese  prevents 
this  action,  and,  in  the  puddling  process,  assists  the  removal  of 
sulphur  and  silicon.  Copper  in  a  larger  proportion  than  05  per 
cent  produces  red-shortness,  and  arsenic  increases  the  brittle- 
ness  and  reduces  the  welding  power,  as  well  as  the  tenacity  of 
the  iron. 


(TV.)  Steel. 

360  Both  in  its  chemical  composition  and  in  its  properties  steel 
holds  an  intermediate  position  between  cast-  and  wrought-iron. 
Like  the  latter,  steel  was  obtained  in  early  times  directly  from 
the  ore. 

87 
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Homer  sings — 

And  at  when  armourers  temper  in  the  ford, 
The  keen-edged  pole-axe,  or  the  shiiiiog  sword. 
The  red-hot  metal  hisses  in  the  lake  ; 
Thus  in  his  eyeballs  hisstd  the  plunging  stake." 

PofK'a  Odyttey,  Look  ix. 

These  remarks  evidently  apply  to  steel,  as  wrought-iron  cannot 
be  thus  tempered.  Tlie  Chalybes  ou  the  coast  of  tlie  Black 
Sea  were  renowned  for  their  ability  in  working  the  iron  ores  into 
steel,  and  the  Greek  name  for  steel,  ■)(a\vi^,  appears  to  have  been 
derived  from  the  name  of  this  tribe. 

The  older  chemists  looked  upon  steel  as  a  peculiarly  pure 
form  of  iron,  and  Basil  Valentine,  in  his  Last  Testament,  terms 
it  tlie  "  hardest,  purest,  most  malleable  iron."  Lemery  held 
peculiar  ^aews  respecting  steeL  In  his  Cours  de  Clujmie,  pub- 
lished in  1675,  he  says :  "  Le  fer  est  un  metal  fort  poreux,  com- 
post de  sel  vitriolique,  de  soulfre  et  de  terre  mal  lie  et  dig^r^ 
ensemble.  On  le  reduit  en  acier  par  le  moyen  des  comes  ou  des 
ongles  d'animaux,  avec  lesquelles  on  le  stratifie  et  ensuit*  on  le 
calcine ;  ccs  mati^res  contenant  beaucoup  de  sel  volatile  qui  est 
alcali,  tuent  les  acides  de  fer  qui  tenoient  ses  pores  ouverts,  et 
les  rendent  plus  compacte." 

Stabl  considered  iron  to  be  an  impure  metal  containing  earthy 
materials,  whilst  steel  was  the  pure  metal  saturated  with  jjhlo- 
giston.  Similar  views  were  held  by  the  later  chemists.  Berg- 
man was  the  first  to  distinguish  chemically  between  wrought- 
iron,  steel,  and  cast-iron.  He  found  that  the  first  when  dissolved 
in  acids  yielded  the  largest  quantity  of  inflammable  air,  steel 
soniewliiit  less,  whilst  cast-iron  gave  the  smallest  quantity ; 
hence  he  concluded  that  steel  contained  less  phlogiston  than 
wrought-iron.  He  also  showed  that  cast-iron  contains  more 
graphite  than  steel,  and  this  more  than  wrought-iron,  and  hence 
he  concluded  that  cast-iron  is  converted  into  steel  by  loss  of 
graphite  and  by  absorption  of  phlogiston,  whilst  he  supposed 
that  when  steel  is  produced  from  wrougJit-iron  the  opposite  re- 
actions occur.  Einnman  in  1782  developed  similar  views,  and 
he  especially  insisted  that  malleable  iron  is  a  perfect  metal,  and 
is  converted  into  steel  by  absorption  of  phlogiston,  but  that  this 
phlogiston  is  not  the  substance  usually  thus  designated,  but 
plumbago.  In  1786  Monge,  Vandermonde  and  Berthollet  pul)- 
lished  a  research  proving  that  the  difl'erence  between  the  various 
kinds  of  iron  is  mainly  determined  by  the  variation  in  the 
amount  of  carbon  which  they  contain,  but  the  many  doubtful 
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points  vrliich  remained  were  only  cleared  up  by  the  coajpi-ehea- 
sive  researches  of  Karsten  and  Sefstrom.' 

361  Twenty-five  years  ago  the  only  method  by  which  steel 
could  be  made  was  the  decarburisation  of  the  cast-iron  in  the 
puddling  furnace,  and  the  subsequent  re-carburisation  of  the 
puddled  bar  by  the  cementation  process.  The  product  was  then ' 
either  fused  in  a  crucible  yielding  cast-steel,  or  drawn  out  under 
the  hammer,  whereby  tilt-steel  or  shear-steel  was  obtained. 
"NVe  are  now  acquainted  with  several  methods  by  which  steel 
can  be  made  directly  from  cast-ii-on. 

The  cementation  method  of  preparing  cast-steel  is  mentioned 
by  Agricola  in  his  de  re  Metallica,  -whilst  that  of  hammered  or 
tilt-steel  was  first  described  by  Edaumur  in  1722. 

In  the  manufacture  of  steel  by  the  cementation  process,  car- 

n  is  added,  jirobably  through  the  medium  of  carbon  monoxide, 
tn  the  othejwise  pure  %\Tought-iron.  This  is  caniwi  on  in  the  fur- 
1  xiace  shown  in  Figs.  140  and  14.7.   Into  the  furuace  ai-e  built  two 


Fio.  146. 


Fio.  147. 


[aquare  boxes,  or  "  converting  pots,"  c  c,  Fig.  147,  of  infusible  fire- 

jbrick  ;  and  into  these  are  placed  the  bars  of  iron  which  are  to  be 

(converted  into  st^el.   Tiie  flames  from  a  fire  placed  in  the  hearth 

7)  play  round  these  boxes.     The  iron  which  has  to  be  converted 

Into  steel  is  u.sually  in  the  form  of  straight  bars  about  3  inches 

(75  mm,)  broad,  and  075 inch  (18mm.)  tliick. and  are  somewhat 

shorter  tlian  Uie  converting  pot  into  which  they  are  placed.  The 

'  Percy,  Iron  and  Sterl,  p.  116. 
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interstices  between  the  bars  when  piled  in  the  pot  are  filled  up 
with  powdered  charcoal  or  soot,  technically  termed  "  cementing 
powder,"  a  thick  layer  of  the  charcoal  being  placed  on  tlie  top  of 
the  bars,  and  the  whole  mass  plastered  over  with  grinders'  waste. 
The  total  weight  of  iron  contained  in  each  box  is  from  five  to 
six  tons.  The  tire  is  gradually  raised  to  a  full  red-heat,  or  to 
about  the  melting  point  of  copper,  and  it  is  maintained  at  this 
point  for  about  from  seven  to  ten  days,  according  to  the  quality 
of  steel  which  is  needed.  Spring-steel  requires  seven  daj'8, 
shear-steel  eight  days,  and  steel  for  welding  from  nine  to  ten 
day&  During  the  operation  trial  bars  are  removed  by  the 
openings  (c)  from  the  ends  of  the  chests,  and  wlien  it  has  been 
found  that  the  bar-iron  is  completely  converted  into  steel  the 
furnace  is  allowed  to  cool,  and  after  several  days  the  charge  is 
removed.  The  steel  bars  thus  obtained  retain  the  form  of  the 
original  iron,  but  in  physical  properties  they  differ  considerably 
from  the  original.  Thus  the  coloured  surface  of  the  fractured 
bar  of  steel  has  no  longer  the  bluish  tint  of  malleable  iron,  but 
has  acquired  a  reddish  tint,  not  very,  different  from  that  of 
bismuth,  and  the  texture  has  become  distinctly  crystalline. 
Steel  is  also  much  more  fusible  than  iron,  and  about  1'5  per 
cent,  of  carbon  lias  been  taken  up. 

The  following  is  an  analysis  by  David  Forbes  of  cementa- 
tion-steel made  at  Sheffield  from  Swedish  iron : 


CnmlniieJ 
Carbon. 

0-627 


Graphitic 
CarWn. 

0-102 


Silicon. 
0-030 


Sulphur. 

0-005 


Phosphorus. 
0-000 


Mangan 
0-120 


An  Englisli  cement-steel  was  found  by  Berthier  to  contain 
1'87  per  cent,  of  total  carbon,  and  0*10  per  cent,  of  silicon,  the 
remainder  being  iron, 

A  remarkable  alteration  of  the  surface  is  likewise  noticed  in 
the  passage  of  wrought-iron  into  steel,  it  being  covered  with 
blisters  or  blebs,  and  hence  it  is  termed  blislcr-stcel.  The  forma- 
tion of  these  blisters  is  undoubtedly  due  to  tlie  production  of  gas 
within  the  bar,  but  what  the  nature  of  this  gas  is  is  somewhat 
doubtful.  Probably  it  arises  from  the  combination  of  a  part  of 
the  carbon  with  oxygen  derived  from  particles  of  oxide  of  iron 
contained  in  the  interior  of  the  bar. 

362  Various  hypotheses  have  been  proposed  to  account  for 
the  phenomena  observed  in  the  cementation  process.    According 
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to  one  view,  the  carbon  is  absorbed  fiom  the  exterior  and  passes 
to  the  interior  of  the  bar  partly  from  the  solid  I'uel,  partly  from 
the   carbon   monoxide  formed   by  its  partial  combustion,  and 
partly  from  tlie  hydrocarbons  derived  from  the  hydrogen  con- 
tained in  the  charcoaL     The  probability  of  the  view  that  the 
carbon   monoxide   is  the  active  agent  is  strengthened  by  the 
fact  observed  by  Graham,  that  red-hot  iron  has  the  power  of 
absorbing  from  eight  to  ten  times  its  volume  of  this  gas.  Others 
have  assumed  that  the  carburization  is  brought  about  rather  by 
ie  hydrocarbons  than  carbon  monoxide,  and  that  it  is  especially 
Tected  by  the  vapours  of  the  potassium  cyanide,  formed  by 
ihe  action  of  potassium  carbonate  and  carbon,  upon  the  nitrogen 
contained  in  the  air  still  left  in  the  boxes,  and  in  support  of  this 
hypothesis  it  is  stated  that  the  cement  powder  loses  its  power 
'after  it  has  been  used  for  some  time  and  has  lost  its  alkalis. 
_It  is  also  a  well-known  fact  that  the  cyanides  of  the  alkali 
uetals  have  the  power  of  giving  up  carbon  to  cast-iron. 
Caiit-stcd  is    obtained   by  melting  blister-steel  in  plumbago 
iicibles.     This  is  used  for  the  manufacture  of  the  best  kind  of 
ary.    The  commoner  variety  of  cast-steel  is  now  obtained 
(d  a  very  large  scale  by  other  processes. 

One  of  these,  suggested  by  Karsten,  but  first  carried  out  on 
lie  large  scale  by  Krupp  of  Essen,  consists  in  fusing  pure 
9Ught-iron  with  the  requisite  quantity  of  spiegel.     The  pro- 
which  has  been  made  in  the  manufacture  of  cast-steel  by 
this  process  is  illustrated  by  the  fact  that  one  of  Krapp's  cast- 
steel  six-pounder  guns,  exhibited   in   1851,  waa  considered  a 
marvel,  whilst  in  1873  the  same  firm  exhibited   in  Vienna,  a 
cast-steel  block  weighing  52,500  kilograms,  for  the  purpose  of 
sting  which  1,800  melting-pots,  each  holding  thirty  kilos  of 
e«l,  were  employed. 
363  Bcj^scmcr  Sled  Process.    Since  the  year  1856  a  complete  re- 

Rolution  has  taken  place  in  the  iron  industry,  and  this  has  mainly 
icen  caused  by  the  discovery  of  a  method  fur  mamiracturiug  cast- 
teel  from  cast-iron.  This  discovery  was  made  by  Mr.  Bessemer,' 
nd  first  communicated  in  a  paper  read  before  the  Mechanical 
Section  of  the  British  As.sociation,  at  its  Cheltenham  meeting,  in 
1856,  an<l  entitled  "The  manufacture  of  malleable  iron  and  steel 
without  fuel."  The  principle  upon  which  this  process  depends,  is, 
that  the  heat  evolved  by  the  oxidation  of  the  silicon,  carbon,  and 
anganese,  contained  in  the  molten  pig-iron  by  a  current  of  air 

'  Patent,  Doc  7,  1855.     No.  2,768. 
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blown  through  the  molten  metal  is  sufRcient  to  keep  the  whole 
in  a  liquid  state  until  the  cast-iron  is  converted  into  steel,  this 
being  effected  without  the  intermediate  laborious  and  costly 
processes  of  puddling  and  cementation.  The  first  experiments 
which  wenj  made  were  unsuccessful,  for  although  by  this 
process  the  carbon  and  silicon  can  be  removed,  the  phosphorus 
and  sulphur  which  are  contained  in  the  pig  remain  in  the 
iinished  steel,  and  for  this  reason  the  ordinary  impure  English 
cast-iron  yielded  unsatisfactory  results.  The  case,  however,  was 
otherwise  when  the  pure  Swedish  charcoal-pig  was  used  ;  indeed 
the  first  real  success  in  working  the  process  was  achieved  witli 
this  iron  at  the  Hogbo  Ironworks,  at  Sanviken,  and  this  was 
followed  by  the  successful  use  of  grey-iroa  made  from  the 
Ulverston  hiEinatite,  and  now  techically  known  as  Bessemer- 
pig.  Other  difficulties  then  arose  such  as  the  too  complete  o.\ida- 
tion,  when  the  whole  of  the  carbon  is  burnt  out,  a  mass  of  pasty 
wrought-iron  being  produced  instead  of  liquid  steel.  This  was 
overcome  by  the  important  suggestion  made  by  Mushet,'  of  the 
addition  of  spiegel  at  the  end  of  the  operation  in  such  quantity 
as  is  necessary  for  the  conversion  of  the  whole  of  the  wrought- 
iron  into  steeL 

The  oxidation  is  carried  on  in  an  egg-shaped  vessel,  termed 
the  converter  (Figs.  148, 149),  made  of  wrought-iron  plates  bolted 
firmly  together  and  lined  with  an  infusible  siliceous  rock  termed 
gannister  which  is  ground,  moistened  with  water  and  applied  in 
the  form  of  a  paste  to  the  interior.  Tlie  lower  portion  is  an 
interchangeable  bottom,  consisting  of  a  shallow  lower  section  of 
the  vessel  with  tuyfere-box  or  wind-box  and  tuyeres,  together 
with  tlie  necessary  arrangements  for  fixing  these  in  their  places. 
This  bottom  is  attached  to  the  vessel  in  such  a  manner  that  the 
narrow  space  between  it  and  the  vessel  lining  may  be  rammed 
with  plastic  gannister  by  men  working  outside  of  the  vessel,  and 
this  joint  can  be  easily  made  at  once  upon  pulling  away  the  old 
bottom.  This  arrangement  is  of  great  advantage,  inasmuch  as 
by  its  use  the  number  of  blows  per  diem  can  be  considerably 
increased.  The  pig-iron,  which  must  be  free  from  phosphorus 
and  sulphur,  is  first  melted  in  a  cupola,  and  from  five  to  twelve 
tons  of  this  run  into  the  converter,  either  directly  from  the 
cupola  or  from  an  intermediate  ladle,  the  mouth  of  the  converter 
being  lowered  to  the  proper  angle  to  receive  the  molten  metal 
The  converter  is  then  gradually  raised  to  the  vertical  position  ;  at 
>  Patent,  Sept  22,  I8fi«. 
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nme  time  a  moderate  blast  of  air  is  thrown  through  the  tuyeres 
bj  means  of  the  pipes  L  k  aud  D,  and  the  pressure  of  the  bhist  is 
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then  raised  to  from  eighteen  to  twenty  pounds  per  eqoare 
incL 

The  combustion  of  the  silicon,  manganese,  and  carbon,  as  also 
of  a  portion  of  the  iron  then  begins,  and  the  temperature  rises  to 
a  point  sufficiently  high  to  keep  the  metal  liquid.  In  the  first 
part  of  the  blow  the  graphite  is  converted  into  combined  carbon 
and  a  highly  siliceous  slag  is  formed,  a  portion  of  the  silica  being 
derived  from  the  lining.  When  the  first  period  is  complete  an 
orange-yellow  flame  edged  with  blue  appears  at  the  mouth  of 
the  converter,  and  the  second  period  termed  the  "  boil "  then 
begins.  In  this,  the  slag  containing  oxide  of  iron  oxidises  the 
carbon,  with  formation  of  carbon  monoxide  which  escapes  through- 
out the  mass  giving  to  it  the  appearance  of  a  boiling  liquid. 
During  this  period  particles  of  the  slag  and  molten  iron  are 
thrown  out  from  the  mouth  of  the  converter,  and  a  very  brightly 
luminous  flickering  flame  makes  its  appearance,  accompanied  by 
a  rapid  stream  of  sparks  due  to  the  combustion  of  the  particles 
of  iron.  After  the  lapse  of  from  six  to  eight  minutes  the  intensity 
of  the  action  diminishes,  the  shower  of  sparks  ceases,  and  suddenly 
the  flame  disappears  or  is  said  to  drop.  The  whole  of  the  carbon 
has  now  been  oxidised,  and  if  the  blast  be  left  on  the  combustion 
is  continued  at  the  expense  of  a  portion  of  the  iroa  Hence, 
the  force  of  the  blast  is  now  lessened,  the  converter  inclined, 
then  the  blast  stopped,  and  the  requisite  amount  of  fluid 
Spiegel  introduced.  The  blast  is  then  turned  on  again  for  a 
few  seconds  and  the  whole  mass  poured  out  into  the  ladle. 
After  standing  for  a  few  minutes  in  the  laule  the  fluid  steel  is 
cast  into  ingot  moulds,  and  the  cast-steel  worked  up  under 
the  hammer  and  in  the  rolling  milL  The  whole  process 
lasts  from  twenty  to  thirty  minutes,  and  in  this  time  from 
five  to  twelve  tons  of  cast-iron  are  converted  into  nearly  the 
same  weight  of  cast-steel. 

Figs.  150  and  151  show  the  newest  English  form  of  arrangement 
for  carrying  on  the  Bessemer  process.  The  two  converters  (aa), 
are  charged  with  molten  pig  from  the  cupola  furnaces  (bbb),  the 
molten  spiegel  needed  at  the  end  of  the  operation  being  obtained 
from  the  smaller  furnaces  (cc).  The  fluid  steel  is  poured  from 
the  converter  into  the  ladle  (g)  which  can  be  elevated  and  carried 
round  the  semi-circular  pit  by  means  of  the  hydraulic  crane  (d). 
The  steel  flows  from  an  opening  in  the  bottom  of  the  ladle  into 
the  ingot  moulds  (ll).  In  order  to  prevent  the  formation  of 
bubbles  which  occur  when  the  steel  is  run  directly  into  these 
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the  couverter,  ladle  and  cranes  are  controlled  by  the  foreman  by 
working  the  wheels  (f). 

The  arrangement  of  Bessemer  plant,  especially  that  designed 
by  Mr.  Holley,  has  reached  its  perfection  in  the  United  States, 
where  the  output  from  one  couverter  greatly  exceeds  that  found 
practicable  elsewhere.'  In  Sweden,  fixed  converters  with  tay^rea 
at  the  side  are  employed;  the  iron  which  is  used  is  a  pure 
magnetic  charcoal  iron,  and  the  decarburisation  is  carried  on  in 


the  converter  to  the  exact  point  needed  to  produce  steel,  this 
point  being  determined  by  an  examination  of  the  flame. 

364  The  chemical  changes  which  the  cast-iron  undergoes  in 
the  various  stages  of  the  Bessemer  process,  as  well  as  the  com- 
position of  the  slags  obtained,  are  exhibited  in  the  following  table : 

(a)  Composition  of  the  pig-iron  u.^ed  (3,517  kilos).     (6)  After 

the  first  period  of  twenty-eight  minutes  blow,     (c)  After  the 

second  period  of  seven  minutes  blow,     (d)  After  the  third  period 

>  For  complete  descriptioo,  see  Engineering,  March  9  and  16,  1867. 
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of  three  minutes  blow,      (e)  Finished  steel  (3,058  kilos)  after 
the  addition  of  168  kilos  of  spiegel. 


Composu 

lion  of  Bessemer-mdal.    No.  L 

a. 

b. 

c. 

d. 

«. 

Graphite   . 

■    • 

3180 

— 

— 

— 

— 

Chem.  comb,  carbon 

0-750 

2-465 

0-909 

0-087 

0-234 

Silicon 

1-960 

0-443 

0-112 

0028 

0033 

Phosphorus 

0-040 

0040 

0-045 

0-045 

0-044 

Sulphur    . 

0-018 

Spur 

Spur 

Spur 

Spur 

Manganese 

3-460 

1-645 

0-429 

0113 

0-139 

Copper 

0-085 

0091 

0095 

0-120 

0-105 

Inm     .    . 

90-507 

95-316 

98-370 

99-607 

99-445 

Composition  of  Bessemer-slag. 

a. 

b. 

c. 

d. 

e. 

Silica    .    . 

40-95 

46-78 

51-75 

46-75 

47-25 

Aluminia  . 

.    .    . 

8-70 

4-65 

2-98 

2-80 

3-45 

Ferrous  oxide     .    . 

0-60 

6-78 

5-50 

16-86 

15-43 

oxide  . 

2-18 

37-00 

37-90 

32-23 

31-89 

T.imA 

30-36 
16-32 

2-98 
1-53 

1-76 
0-45 

1-19 
0-52 

1-23 

Magnesia . 

061 

PMash 

0-18 

trace 

trace 

trace 

trace 

8ndA    .    . 

014 
0-34 

trace 
004 

trace 
trace 

trace 
trace 

trace 

Sulphur    . 

trace 

Phosphorus 

0-01 

b03 

0-02 

0-01 

o-oi 

The  following  tables  contain  analyses  of  two  other  series  of 
BPmpleH  of  Bessemer-metal,  taken  at  the  end  of  each  period  of 
the  procesa  As  in  the  first  Table,  (a)  represents  the  pig,  and 
(e)  the  finished  steel. 


Composition  of  Bessemer-metal.    No.  2. 


a. 

b. 

e. 

d. 

e. 

Graphite  .... 

2-519 

— 

— 

— 

— 

Chem.  comb,  carbon 

1-000 

3-040 

1-640 

0190 

0-370 

Silicon      .... 

2-260 

0-955 

0-470 

trace 

trace 

Phosphorus   .    .    . 

0-073 

0-070 

0-070 

0070 

0-590 

Sulphur    .... 

0-107 

0-091 

0-098 

0-093 

0  090 

Manganese    .     .    . 

0-410 

— 

— 

— 

0-649 
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Compoeilwn  of  Battmer-mdal.    No.  3. 


Graphite  .    .     .    . 

CbeoL  combi  carbon 

Silicon 

PlKHphorua 

Sulphur 

Manganese 

Copper 


a. 

2O70 
1-200 
1-952 
0-048 
0014 
0086 


b. 

2170 
fr759 
0051 
Spur 


1-.550 
0-635 
0064 


0^97  Ofi66 
0020  0-030 
0O67       0  055 


—  —  —  —        0-039 


Analyses  No.  2  are  made  by  Baker,  at  the  Atlas  Works, 
Sheffield.    Analyses  Na  3,  by  Sneliis,  at  Dowlais. 

ConvcrUr  Gases.  Snelua  has  investigated  the  composition  of 
the  gases  issuing  from  the  converter.  When  the  charge  lasted 
eighteen  minutes  he  found  the  follov^-ing  results  on  analysis  of 
the  gases  drawn  out  at  the  times  after  the  commencement  of 
the  blow  given  in  minutes  in  the  first  horizontal  column : 


2 

CO,      ....    10-71 

0 0-92 

CO — 

J} J-8S-37 


4 
8-59 


6 
8-20 


10 
3-58 


12 
2-30 


14 
1-3 


{ 


3-95 

0-88 

86-58 


4-52 

2-00 

85-28 


19-59 

2-00 

74-83 


29-30    3111 

216       2-00 

66*24    65-55 


Eluniiiation  of  rho»phorus.  It  has  hitherto  l>een  supposed 
that  the  non-eliminatiou  of  phosphorus  in  the  Bessemer-process 
is  due  to  high  temperature  and  that  if  the  process  could  be  con- 
ducted at  a  lower  temperature,  as  in  puddling,  all  the  phosphorus 
would  be  found  in  the  slag.  Messrs.  Thomas  and  Gilchri.st* 
have,  however,  lately  proved  that  it  is  possible  completely  to 
eliminate  phosphorus  in  the  Bessemer-process  by  using  a  lining 
of  lime  for  the  converter  instead  of  the  usual  siliceous  one. 
They  have  moreover  shown  that  lime  simply  added  to  the  con- 
tents of  the  converter  also  causes  the  elimination  of  phosphorus. 
1'hese  observations  if  confirmed  on  the  large  scale,  are  of  the 
highest  possible  technical  importance. 

Application  of  the  Spectroscope  to  the  Examination  of  the 
BfAfcmcr  Flame.  It  has  already  been  stated  that  the  point  at 
which  the  flame  drops  is  that  at  which  it  is  found  by  practice 
to  be  necessary  to  stop  the  blast  but  it  is  not  always  easy  to 

'  Proaedingi  of  the  Iron  and  SUel  Indituit,  1878, 
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Jiit  this  poiut  with  accuracy  ;  and  if  the  blow  be  stopped  a  few 
conds   too  soon,  or  carriud  on  for  a  few  seconds  too  long  a 
time,  the  quality  of  the  resulting  steel  suffers.    The  application 
of  the  spectroscope  to  the  determination  of  this  point  was  made 
by  Roscoe  in  1863,*  and  has  since  been  investigated  by  Watts, 
elegg,  Snelus,  and  others.     It  appears  from  these  experiments 
at  the  point  of  complete  decarburisation  can  be  most  exactly 
d  easily  determined  by  the  sudden  disappearance  of  certain 
ibsorption-bands  observed  in  the  spectrum  of  the  flame.     These 
ds,  however,  are  not  due  in  themselves  to  carbon,  but  to  tlie 
^sence  of  the  oxides  of  manganese  (Watts),  the  disappearance 
of  this  metal  from  the  molten  steel  being  simultaneous  witli 
1      that  of  the  carbon. 

365  Otlur  Methods  of  Steel- Making.  Of  these  that  known  as 
the  .Siemens-Martin  process  is  one  of  the  most  important.  The 
steel  is  produced  in  a  reverberatory  furnace  by  dissolving  malle- 
able scrap-iron  in  molten  pig-iron. 

Figs.  152, 15.*^,  and  154  represent  the  newest  form  of  a  Siemens' 
^^12-ton  regenerative  steel-melting  furnace  for  producing  cast-steel 
^Hkxordlng  to  the  Siemens-Martin  process.  Fig.  152  gives  the 
^^pertical  section,  Fig.  153  the  side  elevation,  and  Fig.  154  a  trans- 
^^^erse  section  tlirough  the  line  ab  Fig.  152.  The  gases  from  the 
producer  (see  Fig.  123)  pass  along  the  iron  downcast  ^vrought-iron 
tube,  G  and  g',  Fig.  153,  to  the  valve  V,  which  can  be  directed  by 
me-ana  of  the  handles  A,  so  as  to  pass  either  iuto  the  chamber  c  or 
e  chamber  c'.  Fig.  152,  where  it  takes  up  the  heat  previously 
parted  to  the  bricks  by  the  waste  gases.  Having  thus  been 
eated  it  passes  into  the  furnace  by  the  Hues,  meeting  with  the 
quisite  quantity  of  air,  which  has  previously  been  similaily 
leated  by  passing  through  similar  chambei-s,  D  or  h',  and  which 
ntera  by  the  upright  flues  F.  The  gas  aud  air  thus  leaving  the 
flues  mingle  and  burn  and  the  flame  passes  over  the  hearth  of  the 
furnace  (k),  made  of  infusible  sand  contained  in  an  iron  casing, 
upposing  that  the  gas  and  air  are  pa.s.sing  tlirough  the  chambers 
and  D,  the  flame  plays  over  the  hearth  and  Uie  heated  waste 
find  their  way  through  the  flues  F"  into  the  cliambers 
id  d',  where  they  heat  up  the  bricks  to  full  whiteness. 
As  soon  as  tliis  is  accomplished,  the  temperature  of  c  and  D 
being  proportionately  lowered,  the  gas  valve  v,  Fig.  153,  and  the 
air  valve  v'.  Fig.  154,  are  reversed,  and  the  currents  of  gas  and 
air  are  thus  turned  into  the  freshly  heated  chambers  (f  and  d', 

>  PKCI.  Mag.  v.  318. 
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whilst  the  cooled  chambers  c  and  d  are  in  their  turn  heated 
by  the  waste  gases  from  tlie  furnace.  As  the  temperature  of 
this  furnace  is  extremely  high  the  sides  and  top  of  the  furnace 
and  the  flues  exposed  to  the  action  of  the  strongly-heated  gases 
require  to  he  made  of  the  most  infusible  materials;  for  this 
purpose  silica  bricks  are  used. 

The  proportion  of  cast-iron  and  wronght-iron  scrap  employed 
for  the   furnace-charge  varies   according  to  the  kind  of  steel 


ai      flfl 


U I 


I'jl. 


required.  Tiiis,  after  being  well  melted,  is  run  out  by  means  of 
the  spout  into  the  ladle  into  which  the  neces-sary  quantity  of 
ferro-manganese  or  spiegel  has  been  placed.  The  steel  is  then 
ready  for  casting, 

The  ordinary  Bessemer  ingots  are  frequently  found  to  be 
honeycombed  and  unsound  from  the  presence  of  air  bubbles, 
and  the  same  thing  is  noticed  in  all  large  steel  castings.  In 
order  to  obtain  perfectly  homogeneous  steel  Sir  Joseph  "WTj  it- 
worth  exposes  the  molten   steel  during   its   soHdificatiou  to 
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enormous  pressure  by  means  of  hydraulic  machinery.  By  this 
means  the  metal  gains  in  tensile  strength  and  elasticity  as 
well  as  in  homogeneity. 

Pcmol's  Revolving  Hearth. — As  the  puddling  of  iron  is  greatly 
facilitated  by  mechanical  agitation,  an  arrangement  for  effecting 
a  similar  agitation  in  the  bath  of  an  open-hearth  steel-furnace 
has  been  suggested  and  carried  out  by  I'ernot.  The  general 
arrangement  of  the  furnace  is  8ho^vn  in  Fig.  155.  It  differs 
from  the  Siemens-Martin  in  having  a  circular  hearth  supported 


Fro.  165 


on  a  trolley,  by  means  of  which  the  bottom  may  be  drawn  out 
for  re-lining  or  for  other  purposes.  The  hearth  revolves  on  an 
axis,  inclined  about  6°  to  the  vertical,  thus  etfecting  an  intimate 
mixture  of  the  molten  metal,  and  well  exposing  it  to  the  action 
of  the  flame.  The  speed  of  rotation  is  three  revolutions  per 
miuut-e  A  hearth  for  a  lO-tou  charge  is  lined  up  to  8J  feet  in 
diameter,  and  is  21  inches  deep,  the  arrangement  of  the  re- 
generators being  the  same  as  in  the  ordinary  Siemens.  This 
furnace  is  largely  used  in  France,  and  it  is  claimed  that  time  is 
88 


82 


METALS  OF  THE  IRON  GROUP. 


saved  and  that  the  steel  is  more  uuiform  than  that  made  by  the 
ordinary  plan.  Wlien  the  process  is  complete  the  molten  metal 
is  allowed  to  run  into  tiie  ladle  from  which  it  is  passed  into  the 
ingot  moulds. 

Lastly  xcootz  or  Indian  steel  must  be  mentioned.  This  is 
a  product  prepared  by  heating  malleable  iion  in  small  clay ' 
crucibles,  in  which  small  pieces  of  the  wood  of  cassia  auriculatti 
are  also  placed,  until  the  external  portions  begin  to  fuse.  Tlic 
product  is  then  hammered  frequently  and  the  steel  thus  con- 
sists of  a  mixture  of  two  irons,  one  being  rich  and  the  other 
poor  in  carbon. 

Indian  wootz  is  extremely  hard  and  elastic,  and  was  highly 
jirized  by  the  ancients.  A  specimen  of  woofz  was  sent  from 
Bombay  to  the  President  of  the  Eoyal  Society,  and  the  first 
description  of  the  substance  was  given  by  Dr.  Pearson  in  1795,* 
and  the  steel  was  afterwards  analysed  by  Faraday  and  Henry. 
It  was  at  one  time  believed  that  wootz  owed  its  special  valuable 
properties  to  the  presence  of  a  small  quantity  of  aluminium, 
but  this  has  not  been  confirmed  by  subsequent  analysis. 

The  following  analyses  serve  to  show  the  composition  of  steel 
of  various  kinds.    Analyses  of   Bessemer  steel  have   already 


been  given. 


Ana 

'yscs  of 

Sled. 

aO.         fiC. 

No.  1.       1129 

Si. 

trace 
0030 

P. 

8. 
trace 
0003 

Mn. 
0120 

Cn.    Co  k  NL 
trace      — 

„    2.  U-627  0105 

—         — 

„    3.       1180 

0'330 

0020 

— 

trace 

0-300     0120 

„   4      0-501 

0106 
0043 

0-096 

0002 

0144 

—         — 

„    5.  1-336  0312 

—         — 

No.  1.  Styriau  refinery  steel. 

No.  2.  English  cast-stcci,  from  bligter-stoeL 

No.  3,  Krupp's  cannon  steel. 


No.  4.  English  pnddled  steeL 
No.  6.  Indian  wootz. 


366  Properties  of  Steel. — The  most  characteristic  property  of 
st^eel  is  its  power  of  assuming  an  almost  adamantine  hardness 
when  quickly  cooled,  as  when  plunged  into  water.  After  this 
treatment  it  is  extremely  brittle,  almost  perfectly  elastic,  and  so 
hard  that  it  cannot  be  attacked  by  a  file.  This  hanlncss  and 
brittleness  may  be  partially  removed  by  a  process  of  tempering 
which  consists  in  heating  the  steel  moderately  and  then  allowing 
>  Phil.  Trans.  1795,  part  ii.  322. 
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it  to  cool.  The  temper  of  steel  depenila  upon  the  heat  to  which 
the  steel  is  raised,  aud  the  workman  judges  as  to  the  temperature 
by  observing  the  various  colours  which  the  surface  of  the  metal 
assumes  during  the  progress  of  the  operation.  The  tints  thus 
observed  are  the  colours  of  thin  plates  caused  by  the  different 
thicknesses  of  the  oxide  formed  on  tiio  surface.  When  the  re- 
quisite tint  is  reached  the  object  is  quickly  cooled.  The  hardest 
temper,  such  as  is  required  for  steel  for  surgical  instruments, 
lancets,  and  razors,  is  that  obtained  at  the  lowest  temperature ; 
the  tint  employed  for  this  purpose  is  that  first  reached,  and  is  of 
a  light  straw-colour,  the  temperature  being  about  230°.  Steel 
tempered  at  243°  possesses  a  full  yellow  colour,  is  tougher  than 
the  former,  and  is  the  tint  to  which  penknives  are  usually 
texnpered.  At  255°  a  brownish-yellow  tint  is  attainetl,  and  steel 
thtis  tempered  is  best  fitted  for  cold  chisels  and  shears  for 
cutting  metals.  At  265"  the  first  shade  of  purple  shows  itself. 
and  this  is  the  temper  employed  for  pocket-knives,  axes,  and 
plane-irons.  A  temperature  of  277°  gives  a  purple  which  is 
the  tint  for  table-knives  and  cloth-shears,  and  for  swords  and 
watch-springs,  the  metal  is  cooled  when  it  has  a  bright  blue 
-colour,  corresponding  to  a  temperature  of  288'.  At  higher  tem- 
peratures, from  290°  to  316°,  steel  assumes  a  dark  blue  colour, 
and  is  used  for  shears,  chisels,  and  especially  for  large  saws. 

The  different  degrees  of  heat  may  be  attained  by  dipping  the 
several  articles  into  a  bath  of  fusible  metal  or  oil  provided 
with  a  thermometer  and  heated  up  to  the  requisite  temperature, 
although  in  ordinary  cases  this  method  is  not  carried  out. 

Damasctnimj  is  produced  by  repeateilly  welding,  drawing  out, 
and  doubling  up  a  bar  composed  of  a  mixture  of  steel  and  iron, 
the  surface  of  which  is  afterwards  treated  with  an  acid.  The 
surface  of  the  iron  retains  it-s  metallic  lustre  under  the  action 
of  the  acid,  whilst  that  of  the  steel  is  left  with  a  black  firmly 
attached  coating  of  carbon. 

Case-hanJening  is  effected  by  converting  the  surface  of  soft 
iron  into  steel.  Objects  of  soft  iron  are  heated,  together  with 
powdered  cast-iron  turnings  or  powdered  charcoal,  and  thus  a 
superficial  coating  of  steel  is  given  to  them. 

Finely  Divided  or  Reduced  Iron  (fermm  redactum)  has 
long  been  used  in  medicine.  Spongy  iron  is  now  prepared  on 
the  lai^e  scale  by  the  reduction  of  burnt  pyrites  or  blue-billy 
and  other  ores  of  iron,  and  much  nse<l  as  an  excellent  means  of 
filtering  and  purifying  water  for  domestic  use  (Bischof). 


IRON  AND  HYDROGEN. 

367  T?y  acting  upon  anhydrous  ferrous  iodide  with  zinc-ethyl 
(C2H,)jZn,  in  presence  of  ether,  Carius  and  Wanklyn  obtained, 
together  with  zinc  iodide,  a  mixture  of  gases  consisting  of  ethene, 
CjH^;  ethane,  CjiHg ;  butane,  C^Hjo ;  and  hydrogen.  The  residue 
after  washing  with  ether  yields  a  metallic  powder  resembling 
iron  which  does  not  undergo  any  alteration  in  dry  air,  but  evolves 
hydrogen  on  heating,  and  is  decomposed  by  water  with  evolution 
of  hydrogen,  a  residue  remaining  of  metaUic  iron  and  ferrous 
oxide.  Hence  it  would  appear  that  a  compound  ol  iron  and 
h}'drogen  exists  which  probably  has  the  composition  FeH^ 
Hydrogen  is  occluded  by  electrolytic  iron  which  absorbs  thirteen 
times  ita  volume  of  this  gas  (W.  Chandler  Roberts). 


IRON  AND  OXYGEN. 


368  Iron  forms  two  basic  oxides, 

Iron  monoxide,  or  ferrous  oxide,  FeO 
Iron  sesquioxide,  or  ferric  oxide,  FejOg, 
and  these  two  unite  to  form 

Magnetic  oxide  of  iron,  or  ferroso-ferric  oxide,  FejO^. 

The  two  latter  oxides  occur  in  nature  as  minerals,  and  are  not! 
only  used  as  ores  of  iron  but  are  also  employed  in  medicine. 
Indeed  rust  of  iron  (fenic  hydroxide)  is  said  to  have  been  used 
as  a  medicine  by  Esculapius,  and  Dioscorides  also  mentions 
oKtopia  aihrjpov,  probably  denoting  by  that  iron-scales,  as  being 
a  substance  similar  to  rust  but  possessing  less  active  medicinal 
properties.  Eed  liiKmatite  was  tenned  blood-stone,  and  the 
same  author  states  that  this  may  be  obtained  artificially  by 
igniting  loadstone.  Pliny  terms  iron-rust  or  scale  syuawift/errvl 
red-iron  ore  /utTnaliks,  and  loadstone  maf/nej),  and  describes  the 
action  of  the  latter  upon  iron.  The  reddish-yellow  and  red 
oxide  of  iron  is  called  crocus  martin  by  Geber.  The  later 
chenaists  describe  various  methods  for  its  preparation,  and  in 
1735  the  artificially  prepared  black-oxide  was  termed  (ethropa 
martis.  For  a  long  time  tliese  compounds  were  only  distinguished 
by  their  different  medicinal  action.  The  supporters  of  the 
phlogistic  theory  considered  them  to  be  compounds  of  iron  calx 
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with  various  proportions  of  phlogiston.  Thus,  for  instance, 
Scheele  in  1777  states  that  the  precipitate  which  an  alkali  pro- 
ices  in  a  solution  of  green  vitriol  when  exposed  to  the  air 
ives  rise  to  crocus  martis  and  that  fire-air  or  oxygen  disappears. 
Hence  he  concludes  that  the  precipitated  calx  gives  up  phlo- 
giston in  its  conversion  into  crocus. 

Lavoisier  distinguished  two  oxides,  athiops  and  crocus.  Other 

bemists,  like  BerthoUet,  believed  that  a  large  number  of  these 

'oxides  exist,  and  so  lately  as  1811  the  views  of  chemists  on  this 

subject  were  much  divided.     Gay-Lussac  was  the  firet  to  point 

out  that  in  addition  to  the  lower  and  higher  oxide  an  iuter- 

mediate  compound  exists,  and  this  conclusion  was  confirmed  by 

the  investigations  of  Berzelius. 

'  369  Iron  Monoxide,  or  Ferrous  Oxide,  FeO,  is  obtained  as  a  black 

^Bowder  when  hydrogen  is  passed  over  the  sesquioxide  heated  to 

^B00\     The  product  oxidi.ses  with  incandescence  on  exposure, 

^Hwt  loses  this  property  after  it  is  allowed  to  remain  for  twelve 

^Kours  in  an  atmosphere  of  hydrogen  (Sicwert).     When  ferrous 

^Axxalate,  YeCfi^,  is  heated  from  150°  to  IGO'  in  absence  of  air,  a 

mixture  of  monoxide  and  metallic  iron  is  formed,  and  this  is 

shown  by  the  fact  that  the  gas  evolved  consists,  as  Liebig  has 

shown,  of  fifty-six  parts  of  carbon  monoxide  and  sixty-eight 

parts  of  carbon  dioxide.     If  ferrous  oxalate  is  added  to  boiling 

caustic   potash  the  monoxide  is  obtained  as  a  black  velvety 

r      powder,  which  when  washed  with  water  in  the  air  takes  up 

^■pxygen  rBdttger). 

^H    Ferrous  Hydroxide,  Fe(OH)j,  is  formed  when  pire  ferrous  salt 

^08  treated  with  caustic  potash  or  soda  in  absence  of  air.     It  is  a 

white  pwwder  which  when  freed  from  air  and  waslied  with  hot 

water  and  ether  may  be  preserved  in  an  atmosphere  of  hydrogen. 

As,  however,  it  is  difficult  to  obtain  perfect  absence  of  air,  the 

errous  hydroxide  is  usually  obtained  as  a  green  pulverulent 


nass.' 

Ferrous  hydroxide  becomes  heated  on  exposure  to  air,  the 

aass  sometimes  becoming  incandescent  with  formation  of  sesqui- 

Dxide.     It  also  rapidly  absorbs  carl)on  dioxide,  and  dissolves  in 

cids  with  evolution  of  heat    Tlie  moist  hydroxide  also  absorbs 

atmospheric  oxygen,  changing  colour  firat  to  a  dirty  green  and 

afterwards  to  a  brown. 

Ferrous  hydroxide  is  formed  by  the  action  of  pure  water,  con- 
taining air  in  solution,  on  iron.     It  dissolves  in  about  150,000 
'  O.  Scbmidt,  Ann.  Chem.  Pharm.  xxiTi.  101. 


parts  of  water  forming  an  alkaline  liquid  which  possesses  the 
peculiar  taste  of  the  ferrous  salt. 

370  Magiulic  Oxide  of  Iron,  or  Ferroso- Ferric  Oxide,  FcjO^ 
occurs  in  large  masses  as  the  mineral  magnetite.  It  crystallises 
in  octohedrons,  dodecahedrons,  and  other  combinations  of  the 
rejjuliir  system.  It  has  an  iron-black  colour,  and  a  more  or  less 
strong  metallic  lustre.  It  frequently  occurs  in  granular  or 
amorphous  masses,  and  is  also  found  in  marshes  as  an  earthy 
muss  known  as  ochreous  iron  ore  (or  in  German  eisenviulm). 
The  pure  crystallised  mineral  has  a  specific  gravity  of  5' 18, 
whilst  that  of  the  granular  and  earthy  material  varies  consider 
ably,  inasmuch  as  it  contains  magnesia,  lime,  titanic  o.xide,  and 
often  contains  the  iron  in  a  more  highly  o-xidised  condilioa 

The  interesting  observation  that  this  ore  has  the  power  of 
attracting  iron,  and  that  by  contact  witli  it  iron  attains  the 
same  polar  magnetic  properties,  was  early  made.  According  to 
some  the  name  is  derived  from  a  certain  Magnes  who  was  the 
tirst  to  observe  tliis  property,  whilst  according  to  others  the 
name  is  derived  from  Magnesia,  a  town  in  Lydia  also  called 
Heraclea,  where  the  mineral  was  first  found.  The  latter  ex- 
planation would  seem  to  be  the  more  probable,  inasmuch  as 
Plato  and  Theophrastus  term  magnetite  the  Heraclean  stone. 
Fen-oso-ferric  oxide  does  not  always  possess  the  magnetic  pro- 
perties e.vlubited  by  loadstone,  although  attracted  by  the  magnet. 

When  iron  is  heated  to  redness  in  the  air  it  becomes 
coated  with  an  iron  scale.  This  is  a  mixture  or  a  compound 
of  the  monoxide  and  sesquioxide  in  varying  proportions. 
The  inner  layer  which  is  black ish-gi'ey,  porous,  brittle,  and 
attracted  by  the  magnet,  has  the  composition  6FeO  +  Yefl^, 
and  is  not  mf^netic.  The  outer  layer  cont-ains  a  larger  quantity 
of  ferric  oxide,  is  of  a  reddish  colour,  and  is  more  strongly 
attracted  by  the  magnet  than  the  inner  portion.  When  iron  is 
quickly  burnt  in  oxygen  or  in  the  oxy-hydrogen  blow-pipe,  the 
magnetic  oxide  is  formed,  and  the  occurrence  of  this  oxide  has 
also  been  observed  in  smelting  operations. 

Magnetic  oxide  is  also  obtained  when  steam  or  carbon  dioxide  is 
passed  over  red-hot  iron,  luit,  on  the  other  hand,  when  the  oxides  of 
Iron  are  heated  in  a  current  of  hydrogen  or  of  carbon  monoxide, 
they  are  reduced  to  metal.  When  the  black  oxide  is  dissolved  in 
hydrochloric  acid,  or  when  a  mixture  in  the  right  proportions  of 
a  ferrous  and  ferric  salt  is  dissolved,  and  caustic  alkali  added  to 
the  solution,  a  black  precipitate  is  obtained  which  dries  to  a 
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Jbrownish-black  brittle  mass  giving  a  dark-brown  powder.     This 

lydroxide  contains  about  7  per  cent  of  water,  and  corresponds 

the  formula  Fe(0H)j.Feo03.     It  is  attracted  by  the  magnet 

_and  may  in  this  way  be  separated  from  any  sesquioxide  wliich 

lay  be  mixed  with  it. 

371  Iron  tScsquioxich,  or  Ferric  Oxide,  FcjOj,  is  one  of  the 
most  important  ores  of  iron,  occurring  as  red  hrematite,  and  as 
specular  iron  crystallizing  in  rhombohcdrons  and  scalenohedrons, 
possessing  a  steel-grey  colour.     It  also  occurs  under  the  name 

I  of  micaceous  iron  in  thin  red  translucent  scales.  This  mineral 
is  found  in  large  quantity  and  in  splendid  crystals  in  the  Island 
|»f  Elba,  of  which  Virgil'  says  :  "  Insula  inexhaustis  chalybduui 
^nerosa  metallis."  The  crystals  have  a  specific  gravity  of  511) 
to  5  25. 

The  mineral  martite  is  also  a  pure  fennc  oxide  which  crystal- 
lizes in  the  same  form  as  magnetic  oxide,  and  is  probably  a 
pseudomorph  of  this  mineral.  Other  more  or  less  pure  forms  of 
ferric  oxide  are  red-  and  yellow-ochre  and  bole. 

Ferric  oxide  can  be  prepared  artificially  in  various  ways.  It 
is  formed  by  igniting  the  hydroxide  or  any  fenic  suit  containing 
a  volatile  acid,  as  a  steel-grey  crystalline  powder,  which  like  all 
other  kinds  of  sesquioxide  of  iron,  gives  a  bi-ownish-red  powder 
when  finely  triturated,  and  has  a  specific  gravity  of  517.  It  may 
be  obtained  in  email  crystals  by  the  action  of  the  vapour  of  ferric 
chloride  on  heated  lime  (Daabri.%),  or  by  fusing  ferric  oxide  and 
^MK)rax  together  and  treating  the  fused  solid  mass  with  hot  dilute 
^^nydrochloric  acid ;  also  by  passing  a  slow  steady  stream  of 
hydrochloric  acid  over  the  strongly  ignited  oxide  (Deville). 
Artificial  micaceous  iron  is  prepared  by  heating  a  solution  of 
ferrous  sulphate  and  copper  sulphate  together  for  ten  hours  at 
a  temperature  of  210°  (Wibel).  Ferric  oxide  has  also  been 
observed  in  the  crystalline  state  as  a  product  in  smelting  opera- 
tion.^, whilst  crystals  having  the  form  of  specular  iron,  have  been 
found  in  iron-rust  from  a  building  some  700  to  800  years  old. 
Tlie  ignited  as  well  as  the  natural  ferric  oxide  dissolves  only 
slowly  in  acids,  the  best  solvent  being  a  boiling  mLxture  of  eight 
parts  of  sulphuric  acid  and  three  parte  of  water.  In  addition 
its  use  as  an  iron  ore,  ferric  oxide  is  of  service  in  a  variety  of 
ber  ways.  Thus,  the  residue  left  in  the  process  of  distilling 
iniing  sulphuric  acid  from  green  vitriol  (Vol.  I.  p.  343),  termed 
olhar  or  caput  mortuuni  vitrioli,  is  used  largely  as  an  oil- 
>  j£n.  X.  173—4. 
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paint  and  also  as  a  polishing  powder ;  the  least  calcined  portions, 
wliich  are  of  a  scarlet  colour,  arc  used  as  jewellers'  rouge,  whilst 
the  more  calcined  portions  whicli  have  a  bluish  tint  are  termed 
crocus,  and  are  employed  for  polisliing  brass  or  steel. 

372  Fciric  JFjjdrojcide,  Ye.J^O\l)^.  is  prepared  by  precipitating 
a  moderately  dihite  solution  of  ferric  chloride  with  an  excess  of 
ammonia  in  the  cold,  when  a  vohuuinous  brown  precipitate  of  the 
hydroxide  is  thrown  down.  Tlie  composition  of  this  substance 
does  not  undergo  change  on  wasliing,  or  on  slightly  heating,  when 
it  forms  a  dry  amorphous  granular  powder.  If  the  water  contain- 
ing the  precipitate  be  allowed  to  freeze,  a  microscopic  crystalline 
powder  is  formed,  and  this  substance  corresponds  in  composition 
to  the  minerals  brown -haematite  and  limonite,  viz.,  FcjO,  + 
rej(OH)g.  This  hydroxide  also  exists  in  nature  as  ochre,  like- 
wise as  the  deposit  of  chalybeate  waters,  the  colouring  matter 
of  yellow  sandstone,  &c.  Iron-rust  has  the  same  composition,  as 
well  as  the  precipitate  wliich  is  obtained  when  a  ferric  salt  is 
precipitated  bot,  and  the  precipitate  dried  over  sulphuric  acid. 

When  allowed  to  remain  for  a  long  time  in  contact  with 
water  the  hydroxide  becomes  crystalline,  losing  thereby  the 
half  of  its  water.  The  red  amorphous  compound,  FejOjH,  = 
FcjOj  -I-  HjO,  is  often  formed  under  similar  circumstances,  and 
also  when  a  boiling  solution  of  green  vitriol  is  mixed  with 
sodium  carbonate  and  sodium  hypochlorite.  It  occurs  as  the 
mineral  gothite,  having  a  specific  gravity  of  434.  The  precipi- 
tated ferric  hydroxide  when  heated  for  some  days  at  a  tempera- 
ture of  10(f,  forms  a  scarkt  powder  Fe^OjHj  =  2FejOj  +  H^O, 
having  a  specific  gravity  of  4'454o,  and  dissolving  with  difficulty 
in  nitric  acid  although  more  readily  in  hydrochloric  acid.  This 
occurs  in  nature  as  tlie  mineral  turgite.  In  addition  to 
these,  other  hydroxides  are  known ;  these  are  obtained  by 
precipitaling  the  ferric  salts  under  various  conditions. 

Soluble  Ferric  Hi/dro.cide.  When  freshly  precipitated  ferric 
hydroxide  is  added  to  a  solution  of  ferric  chloride,  it  dissolves 
to  form  a  basic  chloride  with  production  of  a  dark-red  liquid. 
This  may  also  be  obtained  by  adding  animunium  carbonate  to  a 
solution  of  ferric  chloride,  until  the  precipitate  which  is  first 
formed  no  longer  redissolves.  If  a  solution  of  this  kind  contain- 
ing about  5  per  cent,  of  solid  constituents  be  allowed  to  dialyse 
for  a  long  time,  a  dark-red  liquid  remains  which  contains 
only  1'5  per  cent,  of  hydi-ocliloric  acid,  and  985  of  ferric  oxide. 
On  standing  for  some  weeks  this  solution  gelatinises,  a  ferric 


I 

I 


I 


SOLUBLE  FEURIC  HYDROXIDE. 


Bi 


» 


l»ydroxi<le  separating  out  which  is  readily  soluble  in  cold  acids. 
Tlje  same  compound  may  bo  obtained  by  the  dialysis  of  ferric  ace- 
t.tte,  and  a  liquid  thus  obtained  whicli  only  contiiins  six  parts  of 
acetic  acid  to  ninety-four  parts  of  oxide  of  iron.  Hydrochloric 
acid,  nitric  acid,  sugar,  and  alcohol,  do  not  produce  j;e!atinisation 
in  such  a  solution,  nlthongh  traces  of  alkalis  and  other  acids 
do  produce  this  elfect.  This  soluble  hydroxide  is  used  as  a 
medicine  under  the  name  of  Liquor  Ferri  Diultfsati. 

373  Soluble  Mcta-fiTric  Hydroxide,  FCjO^IIj.  This  sid)stance 
was  discovered  by  Poan  de  St.  Gilles.'  It  is  formed  when 
Bidutions  of  certain  iron  salts  containing  monobasic  acids  are 
luxated  for  a  length  of  time,  and  is  precipitated  from  these 
Solutions  by  the  addition  of  a  small  trace  of  sulphuric  acid  as 
a  brown  ochrcy  powder.  It  is  also  obtained  in  the  form  of  a 
dark-red  powder,  by  heating  well-waished  ferric  hydroxide  with 
water  to  a  temperature  of  lltO"  for  from  seven  to  eight  hour^, 
and  also  by  heating  a  solution  of  basic  ferric  nitrate  for  three 
days  to  the  same  temperature.  On  addition  of  a  few  drops  of 
hy«lrochloric  acid  the  hydroxide  is  precipitated,  and  this  may 
be  dried  on  a  porous  plate  where  it  remains  in  the  form  of  black 
scales  which  dissolve  in  water,  yielding  a  tasteless  red  liquid.^ 
The  same  body  may  be  obtained  by  heating  dilute  ferric  chloride 
fiolution  and  adding  common  salt;  the  precipitate  which  is  then 
thrown  down  dissolves  in  pure  water,  to  form  a  reddish-yellow 
solution,  appearing  transparent  by  transmitted,  but  opalescent 
by  reflected  light.' 

Meta-ferric  hydroxide  is  insoluble  in  concentrated,  but  dis- 
solves in  dilute  acids,  and  the  solution  exhibits  the  same  optical 
properties  as  the  solution  of  the  meta-hydroxide. 

Ferric  hydroxide  forms  a  singular  compound  with  sugar,  which 
is  soluble  in  water.  This  fact  is  of  great  importance  to  the  sugar 
refinere,  as  this  compound  destroys  the  crystallising  power  of 
sugar,  and  therefore  increases  the  quantity  of  molasses  formed. 
Hence  raw  sugar  ought  not  to  be  brought  into  contact  with  iron, 
and  the  "  char "  employed  for  the  decolorisation  of  the  siigar 
should  be  as  free  as  po.ssible  from  the  compounds  of  this  metal. 

374  Ferric  oxide  combines  with  several  nmnnxidts  to  form 
compounds  corresponding  to  forroso-ferric  oxide,  all  of  which 
resemble  this  in  bein; 


ignetic. 


'  i4nn.  Chim.  Ph.jii.  [.■?].  xlvi.  47. 

'  S<:hrurcr-Ke9tner.  Ihid.  [3],  Wii.  23. 

'  Dcbray,  Compt.  Rend    Ixviii.  913. 
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Ferric  Oxide  and  Lime,  Fe.jOj.CaO.*  A  crystalline  compound 
having  the  above  composition  is  obtained  when  an  intimate 
mixture  of  190  parts  of  sesquioxide  of  iron  and  665  parts  of 
linie  is  heated  to  whiteness  in  a  platinum  vessel  for  several 
hours.  The  product,  which  has  been  perfectly  melted,  is  found 
on  cooling  to  consist  of  a  brittle  mass  of  interlaced  acicular 
crystals  exceeding  an  inch  in  length,  having  a  dark  metallic 
lustre.  Its  specific  gravity  is  4693  ;  it  yields  a  brown  powder 
resembling  brown  iron  ore,  which  is  also  obtained  by  precipi- 
tating a  solution  of  ferric  chloride,  as  nearly  neutral  as  possible, 
with  lime-water  or  saccharate  of  lime,  and  igniting  the  pre- 
cipitate. 

Ferric  Oxide  and  Magnesia,  Tefi^MgO,  occurs  in  nature 
crystallising  in  black  octohedroiis  as  magnoferrite.  It  can  be 
obtained  artificially  by  the  ignition  of  a  nii.xture  of  the  two 
oxides  in  a  current  of  hydrochloric  acid.  The  same  compound 
is  also  formed  when  a  mixture  of  ferric  chloride  and  magnesium 
chloride  is  precipitated  with  a  quantity  of  caustic  soda  insuffi- 
cient to  throw  down  the  whole.  On  ignition  a  cinnabar-red 
poM'der  of  the  above  composition  is  obtained.  Many  analogous 
compounds  can  be  prepared  in  a  similar  way.' 

Ferric  Oxule  and  Zhic  Oxide,  Fe^Oa.ZnO.  Obtained  by  Ebel- 
men,  crystallised  in  black  octohedrons,  by  strongly  igniting  both 
oxides  together  with  boron  trioxide.  The  miueral  franklinite 
has  a  similar  composition. 

Certain  of  these  magnetic  compounds,  such  ns  tJiose  contain- 
ing the  oxides  of  copper  and  lead,  are  produced  by  the  simple 
ignition  of  the  oxides  mixed  in  the  proper  proportions  (List). 

375  Ftrnc  And,  H.^FeO^.  This  compound,  like  manganic 
acid,  is  not  known  iu  the  free  state.  In  the  year  17"2  Stahl 
noticed  that  when  iron  is  fused  with  saltpetre  and  the  solid  mass 
lixiviated,  or  when  a  solution  of  iron  in  nitric  acid  is  added  to  con- 
centrated potash-ley,  an  amethyst  or  purple-red  coloured  solution 
is  formed.  Exactly  a  century  afterwards  Eckeberg  published  his 
Memoir  on  "  Yttria,"  in  which  he  states  that  when  gadolinite  is 
fused  with  potash  and  the  fused  mass  extracted  with  water,  the 
solution  possesses  a  dark  purple-red  colour,  due  to  iron  and 
not  to  manganese.  The  potassium  ferrate  formed  under  these 
circumstances  was  more  carefully  examined  by  Fremy.'  It  is 
prepared  by  igniting  iron-filings  or  iron  oxide  with  saltpetre  or 


I 
I 


>  Percy,  P/-.7.  Mno.  [4],  xlv.  456. 

*  List,  i'cr.  Deuiach.  Chem.  Oes.  zi.  1512. 


•  Joum.  Pkarm,  xxrii.  87. 
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caustic  potash,  or  a  mixture  of  both.  The  formation  of  the 
compound  may  be  readily  shown  by  heating  a  mixtiire  of  one 
part  of  powdered  iron  with  two  parts  of  saltpetre  in  a  small 
glass  bulb,  over  a  Buusen  burner.  After  a  few  minutes  the 
mass  becomes  red-hot,  and  when  cold  the  residue  is  dissolved  in 
water.  The  purple  solution  is  also  obtained  by  passing  chlorine 
through  a  strong  solution  of  caustic  potash,  in  which  iron 
hydroxide  is  suspended  (Fremy),  and  also  by  passing  a  current 
of  electricity  through  a  solution  of  caustic  potash,  the  positive 
pole  consisting  of  a  plate  of  cast-iron,  this  solution  after  a  time 
appearing  almost  black.*  If  more  caustic  potash  be  added  to 
the  concentrated  and  almost  opaque  solution  a  reddisli-brown 
precipitate  of  potassium  ferrate  is  formeil.  This  may  be  dried  on 
a  porous  plate,  and  then  can  be  preserved  in  a  sealed  tube.  It 
is  a  very  unstable  substance.  Its  solution  becomes  colourless 
on  standing,  and  on  heating  ferrous  hydroxide  separat«8  out 
with  evolution  of  oxygen.  Nitric  acid  and  dilute  sulphuric  acid 
produce  tlie  same  result,  whilst  hydrocbloiic  acid  decomposes  it 
with  evolution  of  chlorine. 

Barium  Ferrate,  BaFeO^ -f- 11,0,  is  obtained  in  the  form  of  a 
dark  red  powder  by  precipitating  tiie  potassium  salt  with  barium 
chloride.  It  is  tolerably  stable,  and  is  soluble  in  acetic  acid, 
yielding  a  red  solution.  When  gently  heated  it  becomes  green, 
and  when  strongly  heated  it  decoiuposes  with  evolution  of 
oxygen  and  loss  of  water. 
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376  Tlie  anhydrous  ferrous  salts  of  colourless  acids  are  usually 
colourless,  but  the  corresponding  bydrated  salts  possess  a  light 
greenish-lilue  tint.  The  soluble  salts  possess  a  sweet,  astringent 
ink-like  taste.  Their  solutions  readily  absorb  oxygen  with  for- 
mation of  a  ferric  salt  which  is  precipitated,  when  there  is  no 
excess  of  acid  present,  in  the  form  of  basic  salt.  In  consequence 
of  tlie  ease  with  which  they  pass  into  a  higher  state  of  oxida- 
tion, the  ferrous  salts  act  as  powerful  reducing  agents,  and  are 
largely  employed  for  this  purpose,  both  in  the  laboratory  and  in 
the  workshop. 

'  Hofitmnn,  Bt.  Dtttt.  Chan.  0«.  ii.  239. 
*  Poggendortr,  Pogg.  Ann.  liv.  373. 
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Ferrous  Chloride,  FeClj,  is  obtained  by  passing  chlorine  over 
iron  filings  (Tb^nard),  but  as  a  small  quantity  of  ferric  chloride 
is  generally  formed,  even  when  an  excess  of  iron  is  present,  it  is 
preferable  to  pass  hydrochloric  acid  over  iron  filings,  or  iron 
wire  heated  to  redness  (Wohler  and  Liebig),  or  to  reduce  fenic 
chloride  by  heating  it  in  a  stream  of  pure  hydrogen.  Ferrous 
chloride  is  deposited  in  colourless  shining  scales,  which,  accord- 
ing to  S^narmont,  are  six-sided.  It  has  a  specific  gravily  of 
2'528  (Filhol),  and  is  very  deliquescent,  dissolving  readily  in 
water  and  alcohol  It  fuses  at  a  red-heat,  and  volatilises  at  a 
temperature  above  the  melting  point  of  glass.  When  exposed  to 
the  air  it  oxidises  to  ferric  chloride,  which  volatilises,  and  feme 
oxide,  which  remains  behind : 

6FeCl,  +  Oj  =  2FejCle  -I-  FcjOj. 

When  heated  in  a  current  of  steam  magnetic  oxide  is  formed : 

SFeCli,  -H  4HjO  =  Fe,0^  +  6Ha  +  H,     ' 

When  iron  is  dissolved  in  hydrochloric  acid,  and  the  solution 
concentrated  in  absence  of  air,  bluish  transparent  monoclinic 
crystals  of  FeCl2  +  4H20  are  obtained;  these  have  a  specific 
gravity  of  193,  become  greenish  coloured  on  exposure  to  the  air, 
effloresce  at  ordinary  temperatures  when  kept  over  oil  of  vitriol, 
but  deliquesce  in  the  air.  If  a  solution  of  this  salt  be  evaporated 
with  sal-ammoniac  in  absence  of  air,  and  the  solid  mass  heated 
in  a  flask  until  the  whole  of  the  sal-ammoniac  is  volatilised,  a 
residue  of  anhydrous  ferrous  chloride  is  left  Like  other  soluble 
ferrous  salts,  the  solution  of  ferrous  chloride  absorbs  nitric  oxide, 
forming  a  dark  greenish-brown  solution,  containing  the  compound 
FeCL^NO.  This  substance  is  very  unstable,  losing  the  whole 
of  its  nitric  oxide  on  warming,  or  when  placed  in  a  vacuum. 
The  anhydrous  chloride  readily  absorbs  ammonia,  swelling  up 
to  form  a  white  powder  (Faraday),  having  the  composition  FeOlj. 
6NH3  (Rostadius). 

Ferrous  Bromide,  FcBrj.  When  bromine  vapour  is  passed  over 
iron  heated  to  dull  redness,  heat  is  evolved,  and  a  yellowish 
crystalline  deposit  of  ferrous  bromide  is  formed  (liebigj.  An 
aqueous  solution  of  ferrous  bromide  can  easily  be  obtained  by 
dissolving  iron  in  hydrobromic  acid,  and  on  crystallising  bluish- 
green  rhombic  tables  are  deposited,  having  the  composition 
FeBrj  +  6HjO  (Lttwig). 


Ferrous  Iodide,  FeT,,  is  obtained  by  triturating  iodine  with  a 
slight  excess  of  iron  filings,  or  by  heating  iron  filings  in  a  covered 
porcelain  crucible  to  redness,  small  quantities  of  iodine  being 
gradually  added ;  as  soon  as  the  whole  mass  becomes  red-hot,  a 
large  quantity  of  iodine  is  thrown  in,  and  the  crucible  heated 
until  iodine  vapour  ceases  to  be  given  off.  On  allowing  the 
cnicible  to  cool  it  is  found  that  a  further  evolution  of  iodine 
■vapour  takes  place,  a  proof  that  the  fused  mass  contains  ferric 
iodide,  which  decomposes  on  cooling.  The  solid  residue  found 
iff  a  grey  lamino-crystalline  ma.s3,  which  melts  at  177°.'  If  a 
mi.xtiire  of  iodine  and  iron  filings  be  warmed  with  water,  these 
elements  combine  with  evolution  of  heat,  and  a  colourless 
aqueous  solution  of  ferrous  iodide  is  obtained,  which  on 
exposure  to  the  air  readily  oxidises  with  separation  of  iodine. 
This  decomposition  is  prevented  by  the  addition  of  sugar. 

Ferrous  Fluorith,  FeFj,  is  obtained  in  colourless  or  greenish 
prisms,  FeFj  +  SHjO,  by  dissolving  iron  in  hydrofluoric  acid 
and  evaporating ;  these  crystals  decompose  when  gently  heated, 
leaving  the  anhydrous  salt. 

Ferrous  Perchl^rate,  Fe(C10Jj  +  GHoO,  is  the  only  iron  salt  of 

the  oxyacids  of  chlorine  which  is  stable  in  the  solid  state.     It 

is  obtained  by  the  double  decomposition  of  ferrous  sulphate  and 

barium  perchlorate  (Serullas),  or  by  dissolving  iron  in  dilute 

^■j)crchloric  acid  (Roscoe).  ^t  forms  very  light  green  deliquescent 

^mrystals,  which  at  100   give  off  water,  and  decompose   at  a 

^Biigher  temperature. 

^H  Ferrous  Stilphife,  FeSO,.  When  iron  is  dissolved  in  aqueous 
^■Sulphurous  acid  in  absence  of  air,  no  gas  is  evolved,  and  the 
solution  contains  ferrous  sulphite  and  ferrous  thiosulphite : 


N 


ot 

Pi 


2Fe  +  3H,^S0j  =  FeSOj  +  FeS^Oj  +  3HsO. 

The  latter  salt  ia  a  very  soluble  one  ;  the  first,  however,  is  only 
slightly  soluble,  so  that  after  a  short  time  it  is  deposited  in 
colourless  or  greenish  crystals.  When  freshly  precipitated  ferric 
hydroxide  is  dissolved  in  sulphurous  acid,  a  red  solution  is 
obtained,  which  quickly  becomes  decolorised  with  formation  of 
"errous  sulphite,  and  this  contains  an  excess  of  sulphurous  acid, 

liiJst  on  the  other  hand,  a  solution  of  ferrous  sulphite  becomes 
red  on  exposure  to  the  air. 

377  Ferrous  Sulphate,  or  Cheen  Vitriol,  TeSO^  +  TH-^O,  was 

'  Carius  and  Waokljm,  Ann.  Chtm.  Pham.  cxx.  69. 
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probably  used  by  Geber.  Its  preparation  by  dissolving  iron  in 
sulphuric  acid  was  first  described  by  Basil  Valentine  in  his 
Treatise  on  Natural  and  Supernatural  Things:  "Take  oleum 
vitrioli ;  dissolve  therein  mars,  and  prepare  a  vitriol  from  it." 
In  his  last  volume  he  describes  the  method  for  preparing  sul- 
plude  of  iron  and  for  obtaining  from  it  vitriol:  " Limaturam 
ferri  and  sulphur  ana  calcined  in  a  potter's  furnace  until  it 
becomes  tinted  purple ;  then  pour  upon  this  distilled  water,  when 
a  fine  green  liquid  is  formed.  Draw  this  off  ad  tertias,  allow  it 
to  deposit,  and  thus  obtain  an  artificial  vitriol."  .Agricola  in 
his  discourse  Be  re  Metallica  mentions  two  kinds  of  pyrites. 
The  one,  such  as  coal-brasses,  decomposes  spontaneously  and 
yields  a  vitriol ;  whilst  the  other,  as  the  ordinary  Mason's  pyrites, 
does  so  only  when  it  is  roasted.  Green  vitriol  occurs  as  the 
mineral  melanterite,  either  crystalline  or  in  fibrous  stalactitic 
forms,  but  generally  massive  and  pulverulent  It  is  usiially 
derived  from  the  decomposition  of  pyrites  or  marcasite.  Ferrous 
sulphate  is  likewise  frequently  found  in  solution  in  draini^ 
water  from  mines,  and  it  is  manufactured  on  a  large  scale  from 
this  source.  Large  quantities  of  green  vitriol  (about  100  tons  per 
week)  are  manufactured  in  South  Lancashire  from  the  pyrites 
occurring  in  the  coal-measures.  These  are  piled  up  in  heaps 
and  exposed  to  the  atmosphere.  The  soluble  ferrous  sulphate 
together  with  the  excess  of  sulphurig  acid  formed,  runs  into 
undei^round  tanks,  where  the  excess  of  acid  is  removed  by  means 
of  scrap-iron.  On  evaporating  the  liquor  large  crystals  of  ferrous 
sulphate  are  obtained.  Iron  sulphate  is  al.so  formed  as  a  bye- 
product  in  the  manufacture  of  copper  sulphate  or  blue  vitriol  (see 
par.  193).  The  commercial  salt  not  unfrequently  contains  traces 
of  copper  sulphate,  and  this  may  be  detected  and  separated,  as  was 
pointed  out  so  long  ago  as  1683  by  Vigani,  by  leaving  the  solu- 
tion in  contact  with  metallic  iron  until  the  whole  of  the  copper 
is  precipitated.  Another  common  impurity  is  ferric  sulphate ; 
this  may  be  removed  by  recrystallisation,  but  zinc  sulphate, 
manganese  sulphate,  and  other  salts  cannot  thus  be  got  rid  of 
Hence  when  chemically  pure  ferrous  sulphate  is  needed,  it  is 
best  to  dissolve  iron  wire  in  dilute  sulphuric  acid.  When  the 
evolution  of  hydrogen  has  ceased,  the  liquid  is  boiled  together 
with  the  undissolved  portion  of  the  wire,  filtered  and  evaporated 
to  crystallisation. 

Ferrous  sulphate  forms  well-defined  monoclinic  crystals  (Fig. 
156),  having  a  specific  gravity  of  1889°  at  4°  (Joule  and  Playfair). 
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One  hundred  parts  of  water  dissolve,  according  to  Brandes  and 
Firnhaber,  the  following : — 


At 


FeSO«  +  7HjO 


10"     15"      83' 

61     70     151 


60*        90'        100* 

263     370     333 


Ferrous  sulphate  is  dimorphous,  often  crystallizing  in  rhombic 
prisms,  which  are  isomorphous  with  zinc  sulphate.  These  are 
easily  obtained  when  a  crystal  of  zinc  sulphate  is  thrown  into  a 
supersaturated  solution  of  the  ferrous  salt.  P.iit,  on  the  other 
,Iiand,  if  a  crystal  of  copper  sulphate  be   employed,  triclinic 


Fio.  156. 


crystals  having  the  composition  FeSO^  +  SHjO  are  obtained 
(Lecoq  de  Boisbaudran).  These  last  are  also  deposited  when  a 
solution  of  ferrous  sulphate  containing  free  sulphuric  acid  is 
allowed  to  evaporate  in  a  vacuum.     Crj'stals  of  green  vitriol 

I  first  separate,  and  then  the  penta-hydrated  salt,  whilst  at  last 
crystals  of  a  tetra-bydrate,  FeSO^  +  4H2O,   are  deposited,  and 

.these  are  isomorphous  with  the  corresponding  manganese  sul- 
phate. When  iron  sulphate  is  heated  in  a  vacuum  to  140°,  it 
yields  a  white  powder  of  the  monoliydrate  FeSO,  +  II^O,  and 

■  this,  when  gently  heated  in  absence  of  air,  yields  the  anhydrous 

P«alt,  FcSO^. 

Perrons  sulphate  is  insoluble  in  concentratpd  sulphuric  acid 
and  absolute  alcohol,  whilst  it  dissolves  slightly  in  dilute  alcohol 
Hence  sulphuric  acid  and  alcohol  precipitate  the  solution  of  the 

L  sulphate,  the  precipitate  containing  varying  quantities  of  water 
of  crystallisation  according  to  the  quantity  of  the  precipitant 
and  the  concentration  of  the  solution.  A  solution  of  ferrous  sul- 
phate, like  the  chloride,  absorbs  nitric  oxide.  The  dark  brown 
saturated   solution,   which    probably   contains    the    compound 


FeSO^.NO,  gives  off  the  gaa  in  a  vacuum  as  well  as  when 
heated ;  in  the  latter  case  small  quantities  of  nitrogen  monoxide 
and  ferric  sulphate  are  formed.  When  tlie  brown  solution  is 
mixed  with  strong  sulphuric  acid,  care  being  taken  to  keep  tlie 
mixture  cool,  it  becomes  of  a  purple-red  colour  ;  and  upon  this 
reaction  the  well-known  test  for  nitric  acid  and  the  nitrates 
depends,  as  well  as  the  method  of  detecting  the  presence  ol 
nitrous  fumes  in  sulphuric  acid. 

Green  vitriol  is  largely  used  iu  the  arts  and  manufactures  for 
the  preparation  of  iron-mordants,  inks,  Prussian  blue,  &c. 

FeiTous  sulphate  is  common  with  the  sulphates  of  the  metals 
of  the  maguesium  group,  and  the  sulphates  of  copper  and 
manganese,  forma,  witli  the  sulphates  of  the  alkali-metals,  well 
crystallising  double-salts,  of  winch  the  following  is  the  most 
important : — 

Aminonium  Fcrroris  Sulphatz,  FeSO^  +  (NH4)j;S0^  -I-  6HjO,  is 
obtained  when  the  calculated  quantities  ot  ammonium  sulphate 
and  green  vitriol  are  dissolved  in  the  minimum  quantit}'  of  hot 
water,  and  the  filtered  solution  allowed  to  crystallise.  It  loruis 
clear,  hard,  bluish-green  monoclinic  crystals,  which  have  a 
specific  gravity  of  1'813.  One  hundred  parts  of  water  dissolve 
(Tobler)  :- 

At  0'  20°  80'         «0»         75* 

FeSO^ -KNHjjSO^   .    122    216    281     446     567 

This  salt  is  a  very  stable  one,  and  does  not  undergo  alteration 
in  the  air,  being  much  less  easily  oxidised  than  green  vitriol 
itself.  Hence  it  is  largely  used  instead  of  the  latter  salt  for  the 
purposes  of  volumetric  analysis,  iu  chlorimetry,  &c.  This  salt 
when  in  large  crystals,  frequently  contains  included  mother- 
liquor,  and  hence  when  the  pure  salt  is  needed  it  is  best  to  add 
alcohol  to  the  concentrated  solution,  when  a  crystalline  precipi- 
tate of  the  salt  is  formed,  and  this  is  afterwards  dried. 

Ferrous  Disulpliate,  FeS^Oj,  separates  out  as  a  white  powder 
when  a  concentrated  solution  of  iron  sulphate  is  mixed  with 
several  times  its  volume  of  concentrated  sulphuric  acid.  It 
forms  microscopic  prisms,  and  is  decomposed  by  water  into 
sulphuric  acid  and  green  vitriol.' 

378  Ferrous  Nitrate,  Fe(N03)2,  is  best  obtained  by  the  decom- 
position of  green  vitriol  with  barium  nitrate,  the  filtrate  being 
evaporated  in  a  vacuum  over  sulphuric  acid.  It  is  very  soluble 
'  BoUs,  Joum,  Chem.  Soc  for  1874,  212. 
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water  and  very  unstable,  easily  passing  into  ferric  nitrate. 
^Vhen  iron  is  dissolved  in  cold  dilute  nitric  acid,  the  following 
reaction  takes  place  (Berzelius) : 

8Fe  +  20HNOj  =  8Fe(N0,)j  +  2NH,X03  +  6H,0. 

FeiTom  Phoftpfuite,  Te^(PO^)„  +  SH^O,  occurs  as  the  mineral 
iviauite,  crystallising  in  nionoclinic  prisms.     In  its  pure  state 
ia  colourless,  but  it  generally  possesses  a  green  or  blue  tint, 
"owing  to  partial  oxidation.     It  is  also  found  as  an  eartliy  mas.s 
ermed  blue  iron-earth,  sometimes  dispersed  through  clay,  and 
;>gether  with  bog-iron  ore,  and  in  tlie  cavities  in  fossil  bones, 
^hen  a  solution  of  green  vitriol  is  precipitated  with  phosphate 
soda,  a  white  precipitate  is  obtained,  which,  however,  soon  be- 
comes blue  or  green  on  exposure  to  air.     If  the  liquid  and  the 
precipitate  be  allowed  to  stand  together  for  a  week  at  a  tem- 
srature  of  from  GO"  to  80°  the  compound   is   converted  into 
mU  crj'stals  which  become  coloured  blue  on  exposure  to  the 
iiT  (Debray).    The  precipitated  phosphate  is  used  in  n'.edicine. 
When  iron  is  dissolved  in  a  solution  of  phosphoric  acid, 
colourless  needles,  having  the  composition  HFePO^  +  H^O,  are 
deposited  after   some  time,  and  these  become  slightly  blue- 
coloured  on  exposure  to  air. 
Ferrmi.s  Carbonate,  FeCOj,  occurs  naturally  as  spathose  iron- 
re,  which,  however,  contains  larger  or  smaller  quantities  of  the 
rbonatcs  of  calcium,  manganese,  and  magnesium.    The  mineral 
obtained  artificially  in  microscopic  rhombohedrons  by  preci- 
itating  a  solution  of  green  vitriol  with  bicarbonate  of  soda  and 
^eating  the  mixture  for  from  twelve  to  tliirty-six  hours  to  a  tem- 
prature  of  150°  (S(5narmont).    When  a  cold  solution  of  pure 
srrous  sulphate  is  precipitated  with  sodium  carbonate,  a  floccu- 
Bnt  white  precipitate  is  thrown  down  which  rapidly  becomes  of 
a  dirty  green  colour  from  absorption  of  oxygen  from  the  air  and 
evolution  of  carbon  dioxide,  at  last  being  wholly  converted  into 
ferric  hydroxide.     If  the  precipitate  be  washed  in  total  absence 
of  air,  it  may  be  obtained  pure  and  colourless.     Usually,  how- 
ler, it  takes  the  form  of  a  greyish  powder,  which  is  soon  oxid- 
ed  on  exposure  to  the  air.     If  the  moist  precipitate  be  mixed 
"Xrith  sugar  it  docs  not  undergo  such  rapid  change. 
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379  In   the  anhydrous  state  the  ferric  salts  are  generally, 
colourless.     In  the  hydrated  state  they  are  yellow  or  brown. 
The  soluble  ferric  salts  possess  a  peculiar  astringent  taste,  and 
they  pass  readily  by  reduction  into  the  corresponding  ferrous 
compoiuids. 

Ferric  Chloride,  Fe^Clg.  The  aqueous  solution  of  this  salt  was 
known  to  Glauber  under  the  name  of  olemn  martis.  He  obtained 
it  in  the  dry  state  by  dissolving  iron  in  hydrochloric  acid  and 
evaporating  the  solution  in  a  flask :  "  Tn  /undo  there  remains  a 
blood-red  massa,  which  is  as  hot  to  the  tongue  as  fire.  It  must  be 
well  kept  from  tlie  air,  otherwise  it  liquefies  to  a  yellow  olfiim." 

Anhydrous  ferric  chloride  is  obtaiued  by  heating  iron  wire  in 
a  current  of  diy  chlorine  gas  at  a  niotlerate  red-heat,  when 
rapid  combination  with  ignition  takes  place,  ferric  chloride 
being  deposited.  It  is  also  piodueed  wlieu  hydrochloric  acid 
is  passed  over  heated  amorphous  ferric  oxide,  and  it  is  not  un- 
frequeutly  found  in  the  craters  of  volcanoea 

Ferric  chloride  forms  iron-black  iridescent  plates  or  some- 
times large  hexagonal  tables,  which  exhibit  a  red  colour  by 
transmitted  and  a  green  metallic  lustre  by  reflected  light.  It  is 
very  deliquescent  and  easily  soluble  in  water,  alcohol,  and  etlier. 
Wlien  heated  strongly  it  volatilises,  giving  rise  to  a  vapour 
having  a  specific  gravity  of  11'39.' 

Ferric  chloride  forma  witli  ammonia  the  compound  FCgCl^  + 
2NTIj,  which  does  not  differ  in  appearance  from  ferric  chloride 
itself  It  slowly  deliquesces  ou  exposure  to  the  air,  forming  a 
clear  dark-red  liquid.  Feme  chloride  also  combines  with  phos- 
phorus pentachloride,  the  compound  FeXlg4  2PCI5  being  formed 
as  a  bro\vn,  easily  fusililc  mass.  It  also  absorbs  nitrosyl  chloride 
yielding  a  dark-coloured  dulifpiescent  compound  Fe.jClg  +  2NOC1. 
When  heated  in  a  current  of  steam  it  is  decomposed  into  ferric 
oxide  and  hydrochloric  acid,  and  when  heated  in  oxygen,  chlorine 
is  evolved,  ferric  oxide  remaining. 

For  the  purpose  of  obtaining  a  solution  of  ferric  chloride,  the 
hydroxide  may  be  dissolved  in  hydrochloric  acid  and  the  liquid 
evaporated  in  order  to  drive  off  excess  of  acid.  Or  a  solution  of 
ferrous  chloride  may  be  heated  with  the  requisite  quantity  of 

1  Doville  and  Troost,  Compl..  Send.  xlv.  821. 
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hyilrochloric  acid  and  the  heated  solution  oxidised  by  addition 
of  nitric  acid.  The  solution  of  ferric  chloride  is,  however,  best 
prepiired  by  dissolving  iron  wire  in  hydrochloric  acid,  as  de- 
scribed under  the  preparation  of  ferrous  chloride,  and  then 
passing  chlorine  into  this  solution  until,  after  standing  for  some 
time,  it  smells  strongly  of  the  gas.  The  excess  of  chlorine  is 
then  displaced  by  passing  a  current  of  carbon  dioxide  through 
the  warm  liquid.  A  concentrated  solution  of  ferric  chloride  has 
a  dark  brown  colour  and  an  oily  consistency.  On  dilution  it 
becomes  limpid,  and  has  a  slightly  yellow  colour.  Its  specific 
gravity  at  IT"  is  as  follows  (Fremy)  r  — 


r*rcOTit«ge 
of  FcjCl,. 

Specific 
Gravity. 

Percentage 
of  FojCV 

Specific 
Gravity. 

1 

1-0073 

40 

1-3622 

10 

1'0734 

50 

1-4867 

20 

11542 

60 

1-6317 

30 

1-2658 

When  100  parts  of  ferric  chloride  are  dissolved  in  635  parts 
of  water  a  liquid  is  obtained  which  has  a  specific  gravity  of  167 
at  25°,  and  this  solidifies  to  a  yellow  crystalline  mass,  having 
the  conipositi<in  Fe.^Clg  +  I2II2O.  The  same  compound  is 
formed  when  tlie  deliquescent  anhydrous  chloride  is  exposed  to 
moist  air.  When  the  crystals  are  fused  and  the  liquid  concen- 
trated to  a  syrupy  consistency,  and  a  few  drops  of  hydi-ochloric 
acid  added,  yellow  rhombic  tables  having  the  composition 
FejCl«  +  6HjO  are  deposited,  and  these  are  very  hygroscopic. 
The  aqueous  solution  of  the  normal  chloride  is  decomposed  on 
heating,  and  the  more  easily  the  more  dUute  the  solution  is,  an 
insoluble  oxychloride  or  soluUe  ferric  hydroxide  being  produced 
according  to  the  concentration  of  the  liquid. 

The  solutions  of  ferrous  and  ferric  chlorides  have  long  been 
used  in  medicine.  An  alcoholic  solution  of  ferric  chloride  was 
formerly  emploj'ed  as  a  quack  medicine  of  repute,  known  by  the 
name  of  Lamotte's  golden  drops.  This  solution  loses  its  colour 
when  exposed  to  light,  ferroTis  chloride  being  formed,  the  latter 
compound  se])arating,  when  the  solution  is  not  too  dilute,  in  fine 
green  crystals,  FeCl,  +  2HjO. 

Ferroso-ferric  CMoride,  FcjClg  + 1  SIIjO.  Magnetic  oxide  of 
iron  dissolves  readily  in  concentrated  hydrochloric  acid,  forming 
a  yellow  liqnid,  which  on  concentration  over  sulphuric  acid 
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deposits  the  above  salt  in  opaque  yellow  deliquescent  crjstalliue 
crusts. 

Ferric  chloride  forma  garnct-red-colourcd  crystalline  double 
salts  with  the  chlorides  of  the  alkali  metals,  such  as  FcjClj  + 
4KC1  +  2H2O  and  Fe^Cl^  +  4NH,C1  +  2H,0.  These  are  de- 
composed by  water,  and  a  mixture  of  the  latter  salt  with  an 
excess  of  sal-ammoniac  is  termed  iron-sal-ammoniac ;  it  was 
formerly  obtained  by  sublimation  of  a  mixture  of  iron  oxide 
and  ammonium  chloride,  and  is  mentioned  by  Basil  Valentine. 
Sal-ammoniac  crystallises  in  yellow  or  bright  red  transparent 
regular  crystals  from  a  dilute  solution  of  ferric  chloride ;  these 
contain  a  varying  amoimt  of  iron  and  rapidly  absorb  moisture 
from  the  air. 

380  Iron  Oxychlvridcs.  Tliese  compounds  are  formed  in  various 
ways.  Some  are  soluble,  whilst  others  are  insoluble  in  water. 
Wlien  freshly  precipitated  ferric  hydroxide  is  added  to  a  solution 
of  fen-ic  chloride,  it  dissolves  in  considerable  quantity,  and  a 
dark-red  liquid  is  obtained  which  to  one  molecule  of  chloride 
may  contaiu  twenty  or  more  molecules  of  oxide,  and  this  ou 
dialysis  furnishes  Graham's  soluble  oxide.  These  solutions  may 
be  diluted  or  warmed  without  any  precipitation  of  ferric  oxide. 
Many  acids  and  salts,  however,  precipitate  either  ferric  hy- 
droxide or  a  basic  cldoride  from  these  solutions,  which  latter  is 
again  soluble  in  water.  If  ferric  cldoride  be  incompletely  pre- 
cipitated with  alkalis,  a  precipitate  is  also  obtained  which  is 
soluble  in  water  when  it  does  not  contain  more  oxide  than 
is  indicated  by  the  formula,  FejjClg+  5Fej(0H)j  =  Fe^(0H)jCl. 

Insoluble  basic  ferric  chlorides  are  formed,  in  the  first  place, 
by  the  o.Ktdation  of  ferrous  chloride  in  the  air ;  secondly,  by  S 
roasting  iron  in  the  presence  of  hydrochloric  acid  or  a  chloride  ;  " 
and,  thirdly,  by  boiling  a  solution  of  ferric  chloride  for  some 
time.  The  composition  and  colour  of  these  salts  vary  according 
to  the  mode  of  preparation.  They  are  generally  difficultly  soluble 
in  hydrochloric  acid.  ■ 

I  Ferric  Bromide,  Fe,Br„.  This  is  obtained  in  the  form  of  dark- 
red  crystals  by  heating  iron  in  an  excess  of  bromine  vapour.  When 
heated  in  absence  of  air  it  fuses,  and  a  part  may  be  sublimed  fl 
without  decomposition,  another  portion,  however,  being  decom- 
posed into  ferrous  bromide  and  free  bromine.  The  bromide 
deliquesces  on  exposure  to  air,  and  the  solution,  which  may  be 
simply  obtained  by  dissolving  the  hydroxide  in  hydrobromic 
acid,  decomposes  on  evaporation,  with  formation  of  insoluble 
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Iwrifo  bromides.  Like  the  chloride,  the  solution  of  the  bromide 
dissolves  ferric  hydroxide  readily  with  formation  of  soluble  oxy- 
bromides. 

Ftrric  Fluoride,  Fe,Fg,  is  obtained  by  dissolving  the  hydroxide 
in  hydrofluoric  acid,  colourless  crystals  of  Fe^Fg  +  9HjO  separat- 
ing out  on  evaporation.  These  lose  their  water  when  heated, 
and  may  be  fused  in  a  platinum  crucible  over  the  blowpipe, 
when  crystals  sometimes  form  on  the  surface  which  are  isomor- 
phous  with  aluminium  fluoride.  Tlie  anhydrous  salt  dissolves 
slowly  but  completely  in  water. 

381  Ferric  Sulphate,  Fej(S0^)3,  is  obtained  by  the  action  of 
nitric  acid  on  a  hot  solution  of  green  vitriol,  to  which  the  re- 
quisite quantity  of  sulphuric  acid  hits  been  added  : 

GFeSO^+  SHjSO,  +  2HN0j  =  SFc/SO,),  +  2N0  +  4HjO. 

The  yellowish-brown  solution  gives  a  syrupy  liquid  when  con- 
centrated, from  which  colourless  crystals  are  deposited  on 
standing.  When  these  are  heated,  or  when  sulphuric  acid  is 
added  to  the  concentrated  solution,  the  anhydrous  salt  is  formed 
as  a  white  powder,  whilst  by  the  action  of  green  vitriol  on  boil- 
ing sulphuric  acid  the  same  salt  is  deposited  in  small  crystalline 
scales  or  rhombic  prisms  : 

2FeS0,  H-  2HjjS0^  =  Te^{SO^\  +  SO,  -f-  2H„0. 

The  anhydrous  salt  dissolves  slowly  in  wat«r  and  it  is  decom- 
posed on  heating  into  ferric  oxide  and  sulphur  trio.\ide.  When 
a  dilute  solution  of  ferric  sulphate  is  boiled  or  incompletely  pre- 
cipitated with  alkalis,  or  when  a  solution  of  green  vitriol  is 
allowed  to  oxidise  in  the  air,  various  basic  ferric  sulphates  are 
formed.  An  iron  mordant  obtained  by  oxidising  green  vitriol 
with  nitric  acid  deposits  on  standing  large  transparent  crystals, 
wliich  are  probably  monoclinic,  having  the  composition 
rej(S04)j(0IT).j  + 1 4HjO  ;  these  are  decomposed  by  water  with 
fonnation  of  the  insoluble  salt  FejSO^(OH)4-f-5H20.i  Various 
other  liasic  ferric  sulphates  occur  as  minerals,  being  formed  by 
the  oxidation  of  the  sulphides  of  iron.  Amongst  these  may  be 
mentioned  vitriol  ochre,  FeSO,(OH)^-|-Fej(OH)„-f  HjO.  This 
frequently  occurs  in  long  brown,  green,  or  ochrey  yellow  stalac- 
tites; whilst  copiapite,  Fej(S0,)3 -|-Fo/SOJj(OH)2-t-10H.p. 
occurs  in  sulphur  yellow  tables  or  crystalline  scales,  and  fibro- 
>  Ber.  Dculsch  Chan.  Qa.  viii.  77. 
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ferrite,  2Fc^(jiO^\{^R)^  +  Fe^SOj:pn)^  +  24HjO,  forms  a  pole- 
yellow  or  nearly  white  pearly  or  silky  mass. 

Fcrroso- ferric  Sulphates.  The  two  sulphates  of  iron  form 
various  double  salts,  of  which  some  are  found  in  the  mineral 
kingdom.  Amongst  these  is  roemerite,  Fe3(S04)^  +  12H,0, 
forming  yellow  monoclinic  crystals,  occurring  at  the  Eammels- 
berg  mine,  near  Goslar,  together  with  anotlier  similar  mineral 
termed  voltaite,  in  which  a  part  of  the  iron  is  replaced  by  iao- 
morphous  metals. 

Ferric  Potassium  Suiphaie  or  Iran  Alum,  ^62(80^)3  +  K3SO, 
4-  24H2O,  is  obtained  when  the  proper  quantity  of  potassium 
sulphate  is  added  to  a  solution  of  ferric  suljihate  and  the  con- 
centrated solution  allowed  to  stand  for  some  days  about  0°.  The 
salt  forms  bright  violet  octohedrons  and  dissolves  in  about  five 
parts  of  cold  water.  If  caustic  potash  is  added  to  the  solution 
and  the  dark  liquid  allowed  to  evaporate,  transparent  yellowish- 
brown  hexagonal  crystals  separate  out  whicli  have  the  composi- 
tion SK^SO^  -I-  2Fe2(SOJ.,(OH)2+ 16H,0,  and  possess  the  peculiar 
optical  properties  of  tourmaline.  This  salt  easily  decomposes 
into  iron-alum  and  an  insoluble  basic  ferric  salt. 

382  Ferric  Nitraif,  'Fa^QUO^^,  is  formed  by  dissolving  iron  in 
nitric  acid.  The  brown  concentrated  solution  deposits,  on  addi- 
tion of  nitric  acid,  according  to  the  quantity  of  the  same  or  the 
concentmtion  of  the  solution,  colourless  cubes  of  Fej(NOj)g  -1- 
12HjO,  or  colourless  monoclinic  crystals  containing  18  mole- 
cules of  water.  These  are  very  deliquescent,  and  dissolve  in 
water  forming  a  brown  liquid.  Feme  nitrate  is  iised  as  a 
mordant  in  dyeing  and  calico-printing. 

Several  soluble  and  several  insoluble  basic  ferric  nitrates  are 
known. 

Ferric  Plwxphates.  The  normal  orthophosphate,  Fej(P04)j  + 
4HjO,  is  obtained  as  a  yellowisli-white  precipitate  by  adding 
phosphate  of  soda  to  normal  ferric  chloride.  This  i.s  soluble  in 
dilute  mineral  acids,  but  not  in  cold  acetic  acid.  On  strongly 
heating  it  loses  its  water  and  becomes  yellow. 

When  ferric  sulphate  is  precipitated  with  an  excess  of  am- 
monium phosphate,  a  ciystalline  precipitate  of  2Fej(POjH)3  -f- 
SHjO  is  thrown  down.  Basic  iron  pliospbates  occur  in  nature, 
and  frequently  farm  a  constituent  of  limonite.  It  also  occurs 
as  dufrenite,  Fc,(OH)3rO^,  which  is  found  sometimes  in  rhombit 
crystals,  but  more  generally  in  needles  or  as  a  radiated  fibrous 
mass.     Vivianite  (see  p.  97)  is  often  oxidised  and  is  converted 
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into  beraunite,  Fea(PO,)j  +  4Fe3PO^(OH)3  +  8HsO,  occurring  in 
small  foliated  aggregatious  having  a  hyacinth-red  colour. 

Ferric  Arscnite.  The  basic  salt,  Fe«0.(0H)5A3  =  ■IFcjOj  + 
AsgOj  +  5HjO,  is  a  voluuiinous  brown  precipitate  closely  re- 
sembling ferric  hydroxide  in  appearance.  It  is  obtained  by 
adding  an  aqueous  solution  of  arsenic  trioxide,  or  an  arsenite, 
to  ferric  acetate.  This  compound  is  also  formed  when  a  solution 
of  arsenic  trioxide  is  shaken  with  freshly  precipitated  ferric 
oxide,  and  for  this  reason  this  latter  compound  is  used  as  an 
antidote  in  case  of  arsenical  poisoning.     (See  Vol.  I.  p.  528.) 

Ferric  Arsenates.  The  normal  arsenate  occurs  as  scorodite, 
YeJ^AiO^^  +  4njO,  in  brown  rhombic  vitreous  crystals.  Basic 
arsenates  are  also  found  in  the  mineral  kingdom ;  amongst 
these  we  have  iron-sinster  or  pharmacosiderite,  rej(AsP).^Og  + 
i"ej(A8p)0,(0}I)3  -f-  CHjO,  which  occurs  crystjillisi'd  in  the 
R^ular  system  in  green  or  brownish-green  adamantine  crj-stals. 
The  acid  arsenate,  2Fej(HAsO^)j  +  9HjO,  is  a  white  precipitate 
obtained  by  adding  hydrogen  disodium  arsenate  to  a  solution  of 
ferric  chloride.  It  is  easily  soluble  in  hydrochloric  acid,  and 
separates  on  evaporation  as  a  wliite  powder. 

SUintfes  of  Iron.  Several  ferrous  and  ferric  silicates  occur  in 
the  mineral  kingdom,  but  they  are  more  frequently  found  as 
doable  silicates,  in  wliich  the  alkali  metals  and  the  metals  of  the 
alkaline  earths  are  present.  Tliese  are  generally  isomoi-phous 
mixtures  in  which  ferric  oxide  is  replaced  by  alumina,  whilst 
lime,  maguesia,  and  the  alkalis  are  substituted  by  ferrous  oxide, 
roanganous  oxide,  &c.  For  a  description  of  these  compounds 
works  on  mineralogy  must  be  consulted. 

The  Iron  Tree.  In  Glauber's  description  of  the  preparation  of 
olrvm  marti&  (see  p.  98)  the  following  passage  occurs: — "When 
such  a  red  massa  before  it  didiquesces  to  an  oleum  is  laid  in 
oUum  arenee  vel  silic\im  for  one  or  two  hoirrs,  a  tree  grows  out 
of  it.  with  roots,  stems,  many  branches,  and  twigs,  wr)nderful  to 
behold."  This  phenomenon  depends  upon  tlie  fiict  that  water- 
glass,  which  always  contains  some  carbonate,  decomposes  the 
ferric  chloride  into  ferric  silicate  and  basic  ferric  carbonate, 
whilst  bubbles  of  caibon  dioxide  are  given  oH",  and  thus  filiform 
processes  are  produced.  In  place  of  the  ferric  chloride,  ferrous 
chloride,  cobalt  chloride,  nickel  cldoridc,  copper  nitrate,  and 
many  other  easily  soluble  metallic  salts  may  be  employed,  and 
thus  a  series  of  coloured  coral-like  growths  may  be  produced. 
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IRON  AND  CYANOGEN. 

383  Our  knowledge  of  the  peculiar  compounds  of  iron  and 
cyanogen  commences  with  the  discovery  of  Prussian  blue,  whicli, 
03  Las  been  stated  (Vol,  I.  p.  655),  was  made  early  in  the  ISlU 
century  by  a  colour-maker  named  Piesbach.  In  1752  Macquer 
obser\'ed  that  when  this  colour  is  boiled  with  caustic  potash 
oxide  of  ii-on  remains,  wliilst  a  peculiar  salt  enters  into  solution 
which  was  named  phlogisticated  alkali  or  3ellow  pnissiate  of 
potash.  This  body  was  shown  to  contain  'nxm  and  prussic  acid 
by  BeitlioUet  in  1787.  Proust,  in  180G,  next  found  that  iron 
remains  in  combination  with  prussic  acid  when  the  alkali  in  the 
yellow  pnissiate  is  replaced  by  other  bases  ;  and  Ittner  in  1809 
considered  that  the  compounds  of  ferric  oxide  and  other  \iasc$ 
with  prussic  acid  are  double  SJilts.  In  opposition  to  this  view 
R.  Poriet'  in  1814-15  published  a  series  of  experiments  founded 
on  a  suggestion  of  BerthoUet's,  from  which  be  drew  the  conclu- 
sion that  the  so-called  double  prussiates  containing  iron  are 
simple  salts  of  a  compound  acid  containing  ferrous  oxide  and 
prussic  acid,  to  which  he  gave  the  name  o'l  ferrure.(kd  rJiyazie 
acid,  a  name  derived  from  the  fact  that  it  is  a  compound  of 
carbon,  hydrogen,  and  azote  or  nitrogen.  Gay-Lussac's  classical 
investigation  of  prussic  acid  followed  immediately  on  I'onvt's 
memoir.  In  this  he  proved  that  the  acid  is  a  hydrogen  com- 
pound of  the  radical  cyanogen.  Berzelius  then  showed  that  all 
the  salt^  of  ii-on  and  prussic  acid  may  be  considered  to  be  double 
cyanides,  and  that  (according  to  our  present  noi^enclature)  the 
prussiate  of  potash  is  a  cyanide  of  iron  and  potassilm,  F(?(CN)j-f 
4KCX.  Three  years  later  Gmelin'  obtained  a  new  compound  by 
acting  upon  this  salt  with  chlorine,  which  from  its  red  colour 
was  termed  red  prussiate  of  potash.  This  may  be  regarded  as 
the  ferric  double  salt,  Fe„(CN)(,+  eKCN".  Gmelin  likewise  proved 
that  tlie  potassium  in  the  suit  may  be  replaced  by  hydrogen, 
thus  giving  rise  to  ferricyanic  acid.  In  the  following  year  Oajr* 
Lussac  pointed  out  that  the  yellow  prussiate  may  be  supposed 
to  contain  a  compound  radical  consisting  of  iron  and  cyanogen, 
to  which  he  gave  the  name  eyanoferrt,  Liebig  extended  this 
explanation  to  the  other  cyanogen  compounds  containing  iron, 
and  considered  the  above  salt    as  compounds  of  two  isomerio 

>  Phil.  Tran$.  1814,  C27  ;  Ann.  PhU.  xii.  214,  uai  xJT.  285. 
•  Schvxigg.  Joum.  ixxiv.  8*J5, 


radicals,  CgN^Fe,  to  which  he  gave  the  names  of  fetrocyanogfn 
and  fcrrkyanoijai,  iudicatiug  their  composition  by  the  symbols 
Cfy  and  Cfdy.i 

Graham  assumed  that  these  coinpound-j  contained  the  radical 
of  cyauuric  acid,  tricyanogen,  C.,N;,,  to  which  he  gave  the  name 
of  prttssinc,  and  according  to  tliis  view  the  comgosition  of  these 
compounds  can  lie  easily  explained.*  If  we  consider  iron  as  a 
tetrad  element,  the  following  simple  formula)  represent  the  con- 
Btitution  of  its  cldorides : 


b 


Ferrous  Chloride. 

Cl\  /CI 

Fe  =  Fe 
a/  \CI 


Ferric  Chloride. 

Cl\  /CI 

Cl-Fe-Fe-Cl 

CI/  \C1 


If  we  now  suppose  that  each  atom  of  chlorine  is  replaced  by 
the  triad  group  tricyanogen,  the  octad  radical  ferrocyanogen  is 
obtained ;  and,  in  a  similar  way,  the  hexad  ferricyaiiogen  is 
formed  by  the  replacement  of  the  six  atoms  of  chlorine  by  four 

icyanogen  groups.    The  acids  which  arc  thus  formed  have  then 

tie  following  constitution  :  * 


Ferrocyftnifl  Acid. 

HiC,N,\  /C,N,Hj 

Fe  =  Fe 


Fcrricyaiiic  Acid. 

Fe-Fe 
HC,X//  \C,N,H, 
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384   ITt/drof/in  Fcrroc>/nnide or  Firrnn/nnir  Acid,  IIj,(CjN'j)^Fej. 
This  is  best  obtained  when  pure  hydrochloric  acid  is  added  to 
eqtial  volume   of  a   cold   saturated  solution  of  potassium 
ferrocyanide.     The  precipitate  which  forms  is  dried  on  a  porous 
ilate  in  absence  of  air,  then  dissolved  in  alcohol,  and  precipitated 
J  ether*     It  is  a  white  powder  crystallising  in  small  needles. 
Larger  crj-stals  may  be  obtained  by  pouring  a  layer  of  ethiT  on 
to  the  alcoholic  solution,     Ferrocyanie  acid  is  easily  soluble  in 
,ter  and   alcohol     It  possesses  a  strongly  acid  taste  and 
eaction.  and  is  so  powerful  an  ncid  that  it  liberates  not  only 
cetic.   but   even    oxalic    acid    from    its    salts.      It   oxidises 


'  ffaniiworUrlnick,  iii,  66. 

•  Erleomejrer,  Lthrbudi  Org.  Clum, 


'  Elements  of  Chemutry,  i.  200. 
♦  Liebig,  Ann.  Fharny.  IxxzviL  127. 
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quickly  on  exposure  to  air,  especially  when  warmed  with 
formation  of  hydrocyanic  acid  and  Willkmson's  blue  : 

7H8(CN)uFej  +  20,  =  48HCN  +  2Fe7(CN)i8  +  4H,0. 

This  reaction  is  employed  in  calico-printing,  the  cloth  being 
printed  with  a  mixture  of  tartaric  acid  and  yellow  prussiate, 
and  then  steamed.  When  the  solution  of  the  acid  ia  boiled, 
hydrocyanic  acid  is  evolved  and  a  white  precipitate  of  acid 
ferrous  ferrocyanide  remains  behind :  * 

2H8(CN)ij  F^=  12HCN  +  H.FejCC.^N,,?^. 

This  decomposition  explains  the  preparation  of  prussic  acid 
by  the  action  of  dilute  sulphuric  acid  on  the  ferrocyanide. 

385  Potassium  Ferrocyanide,  Kg(CjN"j)4Fe,  +  6HjO  orK^Cfy+ 
3HjO.  This  salt,  generally  known  under  the  old  name  of  yellow 
prussiate  of  potash,  serves  as  the  point  of  departure  for  the 
preparation  of  almost  all  the  cyanogen  compounds.  It  is 
obtained  by  heating  crude  potashes  in  cast-iron,  hemispherical 
pots  set  in  brickwork  and  heated  by  a  fire  with  a  circular  flua 
Each  pot  is  closed  by  an  iron  lid  having  an  aperture  through 
which  a  mixture  of  iron  filings  and  animal  matter,  such  as  horn, 
feathers,  dried  blood,  and  leather-clippings,  is  added  from  time 
to  time.  Through  the  lid  of  each  pot  a  vertical  spindle  passes, 
carrying  a  set  of  arms  for  mixing  the  materials,  and  set  in 
motion  by  a  shaft  driven  by  steam-power.  In  this  operation  a 
portion  of  the  nitrogen  is  evolved  as  ammonia  and  forms 
potassium  cyanide  at  the  same  time  that  the  sulphur  contained 
in  the  animal  matter,  as  well  as  that  contained  as  potassium 
sulphate  in  the  potashes,  gives  rise  to  potassium  iron  sulphide, 
KjS  -I-  FcjSj,  a  compound  wliich  will  be  described  afterwards. 
When  the  resulting  fused  mass,  or  "  metal "  as  it  is  termed,  is 
lixiviated,  yellow  pmssiate  of  potash  is  formed  according  to  the 
following  equation:* 

13KCN  -t-  Fe^Sj  =  K8(CN),2Fe,  -I-  2YL^%  -f-  KSCN. 

In  this  operation  the  iron  pots  are  very  quickly  attacked  by 
the  sulphur  contained  in  the  materials,  and  a  further  loss  occurs 
owing  to  the  formation  of  potassium  thiocyanate.  A  better 
yield  is  obtained  when  potash  free  from  sulphate  is  used,  and  on 
lixiviating  the  mass  freshly    precipitated    ferrous    carbonate, 

*  Riemann  Bnd  Carins,  Ann.  Chcm.  Pharm.  ciiiL  89. 
'  Prcis,  Jowm.  Prod.  Chem.  cvii,  10. 
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robtaiued  by  dissolving  chalk  or  limestone  in  a  solution  of  ferrous 
cMoride,  is  added,  this  acting  on  the  potassium  cyanide  as 
follows : 

12KCN"+  2Fej,C03  =  K8(CN)ijFe,+  2K,C03. 

The  solution  is  evaporated  to  a  specific  gravity  of  127,  and 
tthen  run  into  crystallising  vessels,  where  it  deposits  the  crude 
salt.  This  is  again  dissolved  in  warm  water  to  form  a  solution 
having  the  same  strength  as  before,  and  again  crystallised, 
the  mother-liquors  being  drawn  off  and  used  to  dissolve  fresh 
quantities  of  the  crude  salt.  It  has  already  been  stated  that 
in  the  preparation  a  part  of  the  nitrogen  is  lost  aa  ammonia,  and 
a  further  loss  occurs  through  the  formation  of  tliiocyanate  and 
cyanate.  In  consequence  of  this,  many  attempts  have  been 
made  to  improve  the  yield,  but,  up  to  the  present  time,  without 
success.  For  various  reasons  the  manufacture  of  prussiate  of 
potash  lias  lately  lost  much  of  its  iniportance. 

Pota-ssium  ferrocyanide  is  also  formed  when  a  ferrous  salt  is 
mixed  with  an  excess  of  potassium  cyanide.  In  this  case  a 
hrown  precipitate  is  first  formed,  which  was  supposed  to  be 
ferrous  cyanide,  but  is  now  known  to  contain  potassium  cyanide, 
and  probably  has  the  formula  Fe2(CN)5K.  This  readily  dis- 
solves in  potassium  cyanide : 

Fej(CN)5K  +  7KCN  =  Fes(CN),2K8. 

A  solution  of  potassium  cyanide  in  absence  of  air  dissolves 
metallic  iron  with  evolution  of  hydrogen  slowly  in  the  cold  and 
more  quickly  when  heated  : 

12KCN-  +  2Fe  +  4HgO  =  FejCCN)!^!?^  +  4K0H  +  2H.j. 

Potassium  ferrocyanide  forms  quadratic  pyramids  in  which 
the  hasal  faces  are  usually  dominant,  Fig.  l.")?.  They  are  of  a 
lemon  yellow  colour,  and  generally  opatpie.  Small  crystals  on 
the  other  hand,  are  amber-coloured  and  trans- 
parent. The  specific  gravity  is  1  "83.  It  does 
not  undergo  alteration  in  pure  air  at  the 
ordinary  temperature,  but  when  heated  to 
60°  it  begins  to  lose  its  water  of  crystallisa- 
tion, which  is  completely  given  off  at  100", 
the  anhydrous  salt  remaining  as  a  wliite 
powder.  It  has  a  sweetish  saline  and  soinewliat  bitter  taste,  and 
is  not  poisonous,  acting  in  large  doses  as  an  aperient.    Four  parts 


Fio.  157. 
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of  cold,  and  two  parts  of  boiling  water  dissolve  the  salt,  which  is 
insoluble  in  alcohol,  and  is  precipitated  from  aqueous  solution 
by  this  liquid  in  yellowisU-wliite  pearly  scales.  When  its 
solution  is  exposed  to  light  for  some  time  Prussian  blue  separates 
out,  and  on  boiling  the  solution  in  the  air  ammonia  is  given  off 
and  the  liquid  becomes  alkaline.  The  commercial  salt  frequently 
contains  considerable  quantities  of  potassium  sulphate  which 
can  be  removed  by  recrystallisation  only  with  difficulty. 

Sodium  Ferroci/anidc,  Nai,(C3N3)jFe2  +  2411.^0,  is  best  ob- 
tained by  boiling  Prussian  blue  with  caustic  soda,  when  yellow, 
ti-ansparent  monoclinic  prisms  are  found  which  effloresce  in 
warm  air. 

Sodium  Potassium  Fcrrocyanide,  ^n.^J^C^^^Q2  ^  7HgO,  is 
obtained  when  the  corresponding  ammonium  salt  is  boiled  with 
caustic  soda.  It  crystallises  in  four-sided  prisms  which  are 
easily  soluble  in  water. 

Ammonium  Fcrroajnnvh,  (NH^)^  (C,N3)4Fe^+ 6H3O,  is  pre- 
pared by  saturating  ferrocyanic  acid  with  ammonia  or  by 
digesting  the  lead  salt  with  ammonium  carbonate.  It  crystallises 
in  yellow  prisms,  and  is  isomorphous  with  the  potassium  salt. 

Ammonium  Potassium  Fcrrocifanidc,  {^}Ii\K^{Cg^^)^¥e^,  is 
formed  when  an  ammoniacal  solution  of  potassium  ferricyanide 
is  treated  with  reducing  agents,  such  as  grape-sugar.  It 
crystallises  in  quadratic  prisms,  and  is  easily  soluble  in  water. 

Calcium  Fcrrocyanide,  C&^{C^^^(i2■\-  24H2O, is  formed  when 
Prussian  blue  is  boiled  with  the  exactly  requisite  quantity  of 
milk  of  lime,  or  when  calcium  carbonate  is  dissolved  in  hydro- 
ferrocyanic  acid-  It  is  very  soluble  in  water,  depositing  in  flat 
yellow  triclinic  prisms  which  have  an  unpleasant  bitter  taste. 

Strontium  Fcrrocyanide,  Sr4{C3N^4Fe2 -I- SOHjO,  is  prepared  in 
a  similar  way  to  the  calcium  salt,  and  forms  line  monoclinic 
readily  soluble  crystals. 

Barium  Fcrrocyanide,  'R&^{C^^^(i^  +  GHjO,  is  obtained  by 
boiling  Prussian  bhie  with  baryta  water,  or  by  the  action  of 
ferrous  sulphate  on  barium  cyanide.  It  forms  flat  monoclinic 
prisms  which  dissolve  in  /J84  parts  of  cold,  and  IIG  parts 
of  boiling  water. 

Barium  Potassium  Fcrroryaiiidc.  K^Ba„(C^^^)^Fej  +  GH^O, 
This  salt  is  deposited  in  small  yellow  rhomboliedrons  when 
boiling  saturated  solutions  of  2  parts  of  ferrocyanide  of  potas- 
sium anil  1  part  of  barium  chloride  are  mixed,  and  the 
mixture  allowed  to  cool.     It  dissolves  in  08  parts  of  cold,  and 
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95  p.irts  of  boiling  water,  This  salt  i3  -much  employed  for  the 
prepai-atioa  of  the  other  double  furrocyanides  of  potassium  which 
may  all  be  obtained  by  the  action  of  the  corresponding  sulphates 
upon  the  salt.  When  a  hot  solution  of  feiTocyanide  of  potas- 
sium is  treated  with  an  excess  of  barium  chloride,  a  mixture 
of  the  double  salt  with  barium  ferrocyanide  is  obtained,  and  the 
whole  is  converted  into  the  latter  salt  when  the  precipitate 
is  boiled  with  a  solution  of  barium  chloride. 

Zinc  Ferrocyanide,  Za.JiQ-^^^e2'  i^  ^  white  precipitate  used 
in  medicine. 

Copper  Ferrocyanide,  C\i^{C^^)^Q2>  ^  *  ^'^  brown  precipitate 
known  as  Hatcliett's  brown. 

The  ferrocyanides  of  most  of  the  other  metals  are  either 
difficultly  soluble  or  insoluble  in  water.  Somo  of  them  possess 
characteristic  colours,  especially  those  of  copper  and  uranium, 
&c.,  and  for  this  reason  potassium  ferrocyanide  is  used  as  a  test 
for  these  metals. 
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386  Ferrwyanic  Acid,  B^iC^^^Pe^  =  2H3Cfdy.  This  is  ob- 
'taiued  by  decomposing  the  lead  salt  with  dilute  sulphuric  acid, 
and  evaporating  the  solution  at  a  moderate  temperature.  The  acid 
crystallises  in  browTi  needles  and  has  an  aslringeut  acid  taste. 

Potowtitm  Ferricyanide,  'KJiC^TS^^e^,  is  generally  known 
under  the  name  of  red  pru-ssiate  of  potash,  and  is  formed  when 
potassium  ferrocyanide  is  treated  with  oxidising  agents.    It  is 

fbtained  on  the  Large  scale  by  passing  chlorine  into  a  solution  of 
be  yellow  prussiate : 
K8(C»X,).Fe,  +  CU  =  'KlC,lS,\Ye^  +  2KCL 

It  may  be  readily  separated  from  the  potassium  chloride 
formed  at  the  same  time  by  repeated  crystallisation.  It  forms 
large  dark  red  monoclinic  prisms  (Figs.  158  and  150),  which  have 
a  specific  gravity  of  1'8,  and  frequently  occurs  in  twin  form 
exhibited  by  Fig.  159.  It  possesses  a  faintly  astringent  and 
saline  taste,  and  yields  a  dark  yellow  powder.  It  dissolves 
in  water  giving  a  yellowish-brown  solution,  which  on  dilution 
assumes  a  lemon-yellow  colour.  One  hundred  parts  of  water 
dissolve :  ^ 

1  Wallace,  Joum.  Chem.  Soe.  viL  80. 
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At  4*-4  10*  15*-6         8r-8        100* 

Kg(C,N^,Fej        330      36-6      39-7      68-8      77-6 

and  82  parts  at  104°,  the  boiling-point  of  the  satnrated  solution. 
It  is  only  slightly  soluble  in  alcohol.  When  exposed  to  light 
the  solution  becomes  darker,  and  a  blue  precipitate  is  formed, 
ferrocyanide  remaining  in  solution.  When  the  salt  is  heated  in 
a  flame  it  bums,  and  when  mixed  with  nitrate  of  ammonia  and 


Fia.  168.  Fio.  159. 

heated  the  mixture  detonates.  It  is  a  powerful  oxidising  agent, 
especially  in  alkaline  solution,  converting  the  monoxides  of  lead 
and  manganese  into  dio-xides,  and  forming  potassium  chromate 
and  ferrocyanide  of  potassium,  when  boiled  with  solution  of 
chromium  sesquioxide  in  potash : 

3K8(C8N3),Fe2  +  Cr.Oj  +  lOKOH  =  3K8(CsN3)4Fe,  +  2KjCr04 

+  5HjO. 

When  its  solution  is  acted  upon  by  sodium  amalgam,  sodium 
potassium  ferrocyanide  is  formed.  Hydrogen  dioxide  converts 
potassium  ferricyanide  into  ferrocyanide  : 

4Ke(C.X3)4Fe2  +  4HA  =  3K3(C3N3),Fe3  +  Hg(C3N3),Fej  +  40* 

whilst  on  the  other  hand  hydrogen  dioxide  oxidises  a  neutral 
solution  of  the  yellow  salt  to  ferricyanide  (Weltzien) : 

K8(C3N3),Fe2  +  H^O,  =  Ke(C3N3),Fe,  +  2K0H. 

Sodium.  Ferricyanide,  '^A^iC^^^e^  +  'SL^O,  is  obtained  by 
the  action  of  chlorine  upon  sodium  ferrocyanide.  It  dissolves 
in  1*25  parts  of  boiling,  and  6  3  parts  of  cold  water,  and 
crystallises  in  ruby-red  four-sided  prisms  which  deliquesce  on 
exposure  to  air. 

Fotassium  Sodium  Ferricyanide,  N'a3K3(CjNs)4Fej,  crystallises 
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in  fine  red  cubes  which  are  formed  when  the  sodium  and  potas- 
Bium  salts  are  allowed  to  crystallise  together. 

Ammonium  Ferricijanide^  {J^]\^)JiC^^^e^  +  HjO,  is  obtained 
in  a  similar  way  to  the  other  ferricyanides.  It  forms  tine  red  mono- 
id clinic  prisms,  easily  soluble  in  water  and  permanent  in  the  air. 

Lead  Ferricj/anuff,  Vh,j(C^y!3)iFc2  +  ICi^/).  is  formed  by 
mixing  hot  solutions  of  the  potassium  salt  and  lead  nitrate.  It 
forms  dark  reddish-brown  crystals  slightly  soluble  in  cold,  and 
rather  more  soluble  in  hot  water. 

The  ferricyanides  of   most  of  the  other  heavy  metals  are 

predpitatea,  some  of  which,  like  that  of  tin,  are  colourless ; 

but  generally  possessing  a  yellow,  greenish-brown,  or  red-brown 

^^  colour. 

'  387  Hydrogen  Fcrrous-Ferroc)/anit(e,  H^  Fej(CjNj)^Fej.    Tliis  is 

a  white  powder  obtained  by  boiling  an  aqueous  solution  of  ferro- 

•yanic  acid.     The  corresponding  potassium  salt,  K4Fej(CjN^4 

'et.  is  found  as  a  residue  in  the  preparation  of  hydrocyanic  acid 
l"rom  yellow  prussiate  of  potash,  and  dilute  sulphuric  acid,  and 
the  white  precipitate  produced  by  a  ferrous  salt  in  a  solution  of 
jx)tas3ium  ferrocyanide,  is  probably  the  same  substance.  iJoth 
the  foregoing  compounds  rapidly  become  blue  coloured  on 
exposure  to  the  air  from  abi9orptiou  of  oxygen.  When  the 
'potAssiam  salt  is  heated  with  dilute  nitric  acid  the  compound, 

»1  It 

XjFe2(C,N,)^Fej  +  4HjO,  is  obtained,  and  this,  when  dried,  forms 
*»  fine  violet-blue  powder  which  is  transparont  when  seen  in 
t:hin  layers,  allowing  green  light  to  pass  through.  When  it  is 
Vieated  with  a  solution  of  the  ferrocyanide  the  white  salt  is 
eain  obtained,  and  the  solution  contains  ferricyanide  of 
tassium :  ^ 


m 


,Fe,(CN),,Fe,  +K,Ye^{C^,,  =  K,Fe,(CN),jFej  +  K^FejCCN),, 


Soluhlt  Prussian  Blue  or  Ferric  Folassium  Ferrocyanide,  K^FSj 

I« 

[C,lf  j),Fey     Ferric  salts  produce  a  blue  precipitate  in  solutions 

Bf  potassium  ferrocyanide  which   is  usually  termed  Prussian 

•  ■WillianuKin,  Mevi.  C?tcm.  Soc.  iii,  125  (1848). 
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blue,  and  •was  formerly  believed  to  be  ferric  ferrocyanide.  A 
precipitate  very  similar  to  this,  termed  Tumbull's  blue,  and 
containing  ferrous  ferricyanide,  is  obtained  when  solutions  of 
potassium  ferricyanide  and  ferrous  sulphate  are  mixed.  The 
precipitates  thus  obtained  always  contain  potassium,  inasmuch 
as  the  above  double  salt  is  formed.  It  possesses  the  same  com- 
position as  the  above-named  violet-blue  compound,  but  possesses 
difTerent  properties,  and  it  is  obtained  in  the  pure  state  by 
pouring  solutions  of  the  iron  salts  into  an  excess  of  feiTocyanide 
or  ferricysmide.  The  precipitate  is  then  well  washed  with  water 
in  order  to  remove  potassium  chloride  until  the  wash-water  is 
coloured  blue.  The  residue  then  consists  of  soluble  Prussian 
blue.  It  is  perfectly  soluble  in  pure  water,  yielding  a  dark  blue 
liqtiid  from  which  it  is  precipitated  by  the  addition  of  salts. 
The  fact  that  ferric  salts  produce  with  a  ferrocyanide  solution  a 
precipitate  having  the  same  composition  as  that  which  is  formed 
when  a  ferrous  salt  is  added  to  a  ferricyanide  solution,  is  not 
difiBcult  to  explain,  as  is  seen  by  the  following  f ormulse : 

K  K 

XCgiNj  =•  Kg      Cl/  ,         .rxCgNj^  I        gg. 


K  K 

^NCjNg-K     CI/*®       ^NCgNjX  ® 

S:  K 

The  formulae  thus  obtained  are  identical,  inasmuch  as  it  is 
immaterial  which  side  of  the  compound  contains  the  tetrad 
ferrous,  or  the  hexad  ferric  group.^  Soluble  Prussian  blue  was 
first  prepared  from  potassium  ferrocyanide  by  Berzelius,*  and 
Robiquet*  observed  that  potassium  forms  an  essential  con- 
stituent, whilst  Kekul4  *  was  the  first  to  propose  the  above 

'  Skraup,  LUUg's  Annalm,  clxxxvi.  371.  *  Schweigg.  Joum.  xxx.  84. 

»  Ann.  Chim.  Phys.  xliv.  279.  *  Uhrb.  Org.  Ch»m.  L  827. 


TURNBULL'S  BLUE. 


113 


formula.  The  truth  of  tliis.  however,  was  ascertained  by  Reindel 
and  Skraup,  who  showed  that  the  precipitate  obtained  by  ferri- 
cyanide  and  ferrous  salt  is  identical  with  that  obtained  by  ferro- 
cyanide  and  ferric  salt. 

388  Tumbtdl's  Blue  or  Ferrous  Fcrricyanide,  {^^^^J^ilsi^^ili 
=  2Fe5(CN),j.    This  body  was  first  prepared  by  Gnieliu*  by  pre- 
cipitating ferricyanide  with  ferrous  sulphate.     It  was   afler- 
■vrards   prepared  on  the  large  scale   in  England   and  named 
TurnbuU's  blue   from  the   name   of  the   supposed  discoverer. 
"Williamson'  then  showed  that  the  precipitate  thus   obtained 
contains  potassium,  which  can  be  removed  by  warming  for  some 
time  with  stannous  chloride  and  subsequent  washing  with  boiling 
water.     The  same  compound  is  obtained  by  precipitating  soluble 
Prussian  bhie  with  a  ferrous  salt     In  the  dry  state  it  forms  a 
beautiful  blue  powder,  which  has  a  copper-red  lustre  and  contains 
a  certain  quantity  of  water.     On  heating  hydrocyanic  acid  is 
evolved  and  ferric  oxide  is  formed,  and  when  boiled  witli  caustic 
potash,  feiTocyanide  of  potassium  and  black  ferric  hydroxide 
formed: 


r 


Fes(CN)ij  +  8K0H  =  K3(CN)uFe,  -I-  Fe,(0H)8 


Insolullc  Prvssutn  Blm ;  WiUiamsoiis Blue,  (^^«}4,(^^ii3{C^^^ 
=  2Fe-(CN),g,  is  obtained,  mi.xed  with  soluble  Prussian  blue,  by 
pouring  a  solution  of  ferrocyanide  of  potassium  into  one  of 

I  ferric  chloride.  By  heating  tlie  precipitate  for  some  time  with 
ferric  cidoride  the  whole  of  the  {wtassium  may  be  removed.  It 
Is  likewise  obtained  by  oxidizing  TurnbuU's  blue  by  treating  it 
either  with  nitric  acid  or  chlorine  water  (Williamson)  r 

H  6Fe,(CN)ij  +  Cle  =  4Fe,(CN)^  -i-  Fe,Cl.. 

Tliis  substance  is  also  formed  by  precipitating  soluble  Prussian 
^blue  wiih  ferric  chloride  (Skraup),  and  forms  in  tlie  dry  state  a 
ieep  blue  powder  which,  on  trituration,  assumes  a  bright  copper- 
^e  lustre.  It  always  contains  a  certain  quantity  of  water 
rhich  cannot  be  driven  off  by  heat,  as  decomposition  then 
kes  place  with  evolution  of  hydrocyanic  acid  and  formation  of 
ferric  oxide.  When  heated  strongly  in  the  air  Prussian  blue 
bum.9  like  tinder,  and  when  boiled  with  caustic  potash,  ferro- 
cyanide and  ferric  hydroxide  are  formed  : 

^         2Fe,(CN),8  -I-  24KOH  =  3K8('CN),jFej  +  4Fe,(0H),. 
^H  '  SdMeeigg.  Jcnim.  zxxir.  325.  '  Chcm,  Soc.  Memoirt,  iii.  126. 

H 


114  METALS  OF  THE  IRON  GROUP. 

Concentrated  stdphuric  acid  converts  it  into  a  white  pasty 
mass,  neither  hydrocyanic  acid  nor  iron  being  removed.  When 
dried  in  a  vacuum  on  a  porous  plate  an  amorphous  powder  re- 
mains which  is  decomposed  by  water  into  Prussian  blue  and 
sulphuric  acid  (Berzelius).  Commercial  Prussian  blue  is  obtained 
by  precipitating  a  solution  of  ferrous  salt  with  ferrocyanide  of 
potassium.  The  more  or  less  deeply  coloured  precipitate  is  then 
exposed  to  the  air  and  treated  with  chlorine  water,  dilute  nitric 
acid,  or  bleaching  powder  solution,  and  afterwards  with  hydro- 
chloric acid  in  order  to  remove  ferric  oxide  which  is  formed. 
It  is  a  deep  blue  powder  or  mass  which,  when  dried,  possesses  a 
conchoidal  fracture  and  copper-like  lustre.  It  always  contains 
more  or  less  potassium,  and  is  a  mixture  of  the  three  preceding 
compounds  in  varying  proportions.  Prussian  blue  dissolves  in 
ammonium  tartrate  with  a  violet  colour,  and  in  oxalic  acid  with 
a  beautiful  blue  colour.  This  latter  liquid  was  formerly  much 
used  as  a  blue  ink.  It  has,  however,  now  been  replaced  by  the 
violet  and  blue  aniline  colours. 

The  several  blue  compounds  of  cyanogen  and  iron  all  contain 
water,  and  are  hygroscopic,  and  a  part  of  this  water  is  so  firmly 
combined,  that  it  is  only  given  off  at  a  temperature  at  which  the 
salt  decomposes. 

n  It 

Prussian  Green,  (^^^^(^^^iiG^^^^  =  iYeJ^CYi)^,  is  obtained 
as  a  green  hydrated  precipitate  when  an  excess  of  chlorine  is 
passed  through  a  solution  of  the  yellow  or  red  prussiate  and 
the  liquid  then  heated  to  boiling  and  the  precipitate  boiled  with 
hydrochloric  acid  (Pelouze).  When  the  dry  compound  is  heated 
to  180°  cyanogen  gas  is  evolved  and  a  violet-blue  compound  is 
formed.  Caustic  potash  decomposes  Prussian  green  into  ferric 
hydroxide  and  a  mixture  of  the  yellow  and  red  prussiates : 

2Fe8(CN)j,  4-  30KOH  =  3K8(CN)ijFe2  +  KgCCNJuFe, 
+  5Fe,(0H)g. 

A  green  body,  having  probably  the  same  composition  as 
Pnissian  green,  is  obtained  by  the  continued  action  of  oxidising 
agents  on  Williamson's  blue. 

A  ferric  salt  of  ferricyanic  acid  is  not  known  in  the  solid 
state,  for  when  ferric  chloride  is  added  to  a  solution  of  ferri- 
cyanide  of  potassium  no  precipitate  occurs.  The  liquid,  how- 
ever, becomes  of  a  dark-brown  colour  and  probably  contains 

the  salt.  FeJCjNJ^Fe^. 
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FERRICYANIDES. 


^K  389  Leopold  Gmelin  and  other  chemists  observed  that  the 
^Poffee-browTi  solution  obtained  by  the  action  of  nitric  acid  on 
yellow  prussiate  of  potash  yields  a  splendid  purple -red  colour  in 
contact  with  sulphides  of  the  alkalis.  Playfair  ^  showed  in  1849 
that  this  reaction  is  produced  by  the  presence  of  a  peculiar  com- 
pound which  is  fonaed  by  the  action  of  nitric  acid  upon  the 
yellow  or  red  prussiate.  Nitro-prussic  acid  is  obtained  by  pass- 
ing nitric  oxide  into  an  acid  solution  of  potassium  ferrocyanide. 
Hydrogen  ferricyanide  is  produced  in  the  first  instance ; 

Pn,(CN),^e,  +  NO  =  H/CN),,Fe,  +  II^O  -f  N. 
and  this  acts  on  the  nitric  oxide  as  follows: 

IH,(CN),,Fe2  +  2N0  =  H<(CN),o(NO),Fe3  +  2HCN. 
Potassium  nitro-prusside  is  also  produced  when  the  precipitate 
formed  by  the  action  of  ferrous  salt  on  potassium  cyanide  is 
treated  with  potassium  nitrite  : 
K^e,(CN)i„  -I-  2KNO3  =  K,Fe,(CN),„(N0)2  +  2FeO, 
the  ferrous  oxide  being  thereby  converted  into  ferric  oxide  and 
ammonia  being  liberated.* 

In  ortler  to  prepare  the  nitro-prussides,  powdered  yellow 
prussiate  of  potash  is  treated  with  double  its  weight  of  strong 
nitric  acid  which  has  been  previously  mixed  with  an  equal 
volume  of  water.     The  coffee-coloured  solution  evolves  carbon 

I  dioxide,  cyanogen,  nitrogen,  and  hydrocyanic  acid,  and  probably 
lilso  cyanic  acid,  derived  from  the  oxidation  of  the  hydrocyanic 
licid.     As  soon  as  the  whole  is  dissolved  it  is  warmed  on  a 
■water-bath,  the  evolution  of  gas  continuing  until  the  solution  is 
not  coloured  blue  by  ferrous  sulphate,  but  a  dark -green  or  grey 
jrecipjtate  falls  down.    On  cooling,  potas.'sium  nitrate  crystallises 
>ut.  from  which  the  dark  niother-iiquor  is  poured  ofiF,  saturated 
rith  sodium  carbonate,  and  heated  to  the  boiling  point,  when 
een   or  brown    precipitate    is   formed.     This  is   removed 
filtration,  and  the  nitrates  are  again   separated  from  the 
nitro-prussides   by  crystallisation.    The  solution  can  also  be 
precipitated  with   sulphate  of  copper,  and   the   bright  green 

1  fhU.  Trans.  1849,  ii.  477.  '  StedJer,  Zdhch.f.  Chan.  v.  859. 


precipitate  decomposed,  after  washing,  by  boiling  with  a  soluble 
basic  hydroxide  and  thus  converted  into  soluble  salts. 

390  Nitro-prussic  acid,  V.^{C^^)^f,(^Oi)^e^  is  formed  by  de- 
composing the  silver  salt  with  hydrochloric  acid,  or  the  barium 
salt  with  dilute  suljiliuric  acid.  The  red  strongly  acid  solution 
leaves  ou  evaporation  in  a  vacuum  dark-red  deliquescent  pris- 
matic needles.  This  compound  is  very  unstable  and  partially 
decomposes  during  the  concentration  of  the  liquid  with  formation, 
of  ferric  hydroxide,  hydrocyanic  acid,  &c. 

Potassium  Nitro-jn'usside,  K^(CN),j(N0)jFe2,  forms  dark-red. 
monoclinic  pi'isms  which  deliquesce  in  the  air  and  are  readily 
soluble  in  water. 

Sodium  Nitro-prusside,  Xa4(CN)j(|(NO)2Fe2-f4HjO.  crystallises 
most  readily  of  all  the  nitro-prussides,  and  is  usually  prepared  by- 
concentrating  the  solution  as  above  described  until  a  sufiBcient 
quantity  of  nitro-prusside  is  crystallised  out.  This  is  then  re- 
moved from  the  warm  solution  in  order  to  avoid  any  admixture 
of  nitrates.  It  is  purified  by  crystallisation  and  forms  large  ruby- 
red  rhombic  prisms.  It  dissolves  in  2-5  parts  of  water  at  15"  and 
is  more  soluble  in  hot  water.  "WTieu  exposed  to  light,  the  solu- 
tion decomposes  with  separation  of  Pnissian  blue  and  nitric 
oxide.  Boiled  with  caustic  soda  ferrous  hydroxide  is  separated, 
sodium  ferrocyanide  and  sodium  nitrate  being  formed  : 

6Na,(CN),(,(N0),Fe,  -f-  2RXaOH  =  2re(0H), 
■f  5Nag(CN)iJFe2  +  12NaN0j,  +  VlWfi. 

The  nitro-prussides  of  ammonium  and  of  the  alkaline-earth 
metals  also  form  red,  easily  soluble  salts,  their  solutions  decom- 
posing on  standing  or  on  boiling  with  separation  of  Prussian- 
blue  and  ferric  oxide.  The  silver  salt  and  the  ferrous  salt  are 
flesh-coloured  precipitates. 

TTie  splendid  purple  colour  which  the  nitro-prussides  im- 
part to  a  solution  of  an  alkaline  sulphide  is  very  characteristic, 
and  this  reaction  is  employed  for  the  detection  of  small  quanti- 
ties of  alkalis  and  alkaline  earths  in  solution  by  passing  a  little 
sulphuretted  hydrogen  through  the  liquid  and  then  adding 
a  few  drops  of  nitro-prusside  solution.  This  purple  compound 
is  very  unstable,  decomposing  quickly  with  formation  of  hydro- 
cyanic acid,  ammonia,  nitrogen,  ferrocyanide.?,  ferricyanides,  «&c. 

When  alcoholic  solutions  of  sodium  stdphide  and  sodium 
nitro-prusside  are  mixed  this  purple  compound  sepaiutes  out  in 
oily  drops. 
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IRON    THIOCYANATES. 


391  Ferrous  Thioq/anate,  re(SCN)j  +  SH^O,  is  obtained  in 
pale-green  monodiuic  crj'stals  by  dissolving  iron  wire  in 
)DcentTated  thiocyanic  acid  and  evaporating  the  liquid  in 
absence  of  air.  The  salt  dissolves  readily  in  water,  alcohol, 
and  ether,  and  becomes  red-coloured  on  exposure  to  the  air. 

Frrric  Thiocyanate,  Fej(SCN)(,  +  3HjO.  The  blood-red  colour 
yroduced  when  a  soluble  thiocyanate  is  brought  into  contact 
"vrith  a  solution  of  a  ferric  salt  depends  on  the  formation  of  this 
compound,  which  is  obtained  in  the  pure  state  wlicn  a  mixture 
in  the  right  proportions  of  anhydrous  ferric  sulphate  and 
^x>tassium  thiocyanate  is  treated  with  alcohol  and  the  solu- 
't:ion  evaporated  over  sulphuric  acid  in  a  vacuum.  Dark-red  or 
cUmost  black  cubical  crj'stals  are  deposited,  and  these  dissolve 
i^adily  in  water,  alcohol,  and  ether.  If  a  concentrated  aqueous 
solution  be  shaken  with  ether  it  becomes  colourless  and  the  ether 
attains  a  purple-red  colour.  On  warming  or  diluting  with  water 
■the  aqueous  solution  becomes  colourless  with  deposition  of  ferric 
laydroxide.      The  solution  is   also  decolourised  in  presence  of 

t educing  agents  as  well  as  on  treatment  with  mercuric  chloride 
r  gold  chloride,  inasmuch  as  the  double  thiocyanates  are  formed 
'vi'hicb  are  deposited  as  black  crystalline  precipitates. 


IRON  AND  SULPHUR. 


392  Iron  Monosndphidc,  FeS,  occurs  as  troilite  in  small  quan- 
tities in  many  meteorites,  and  is  easily  formed  by  the  direct  union 
of  the  elements.    Iron  wire  bums  in  sulphur  VHjmur  with  a  bri^^ht 

■  light,  and  a  roll  of  sulphur  penetrates  red-hot  wrought-irou  and 
steel,  but  not  cast-iron,  with  formation  of  the  molten  sulphide.^ 
In  order  to  prepare  this  substance  a  mixture  of  three  parts  of  iron 
filings  and  two  parts  of  sulphur  is  thrown  gradually  into  a  red- 
liot  crucible.  In  this  way  a  porous  black  mass  is  obtained  which 
melts  at  a  higher  temperature,  with  separation  of  sulphur  if  any 
higher  sulpliides  had  been  formed,  but  as  a  rule  the  artificial 
sulphide  usually  contains  an  excess  of  iron,  and  this  is  got  rid 
of  by  heating  with  an  excess  of  sulphur.     For  the  preparation  of 

'  Evoin,  Ann.  Cliim.  fhijs.  xxv.  106. 
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the  monosulpliide  Berzelias  recommends  the  process  proposed 
by  Gaha,  namely,  to  stir  a  white-hot  rod  of  iron  in  molten 
sulphur.  The  sulphide  which  is  formed  fuses  and  falls  to  the 
bottom  of  the  crucible.  The  operation  is  continued  as  long  as  any 
free  sulphur  remains.  Pure  monosulphide  of  iron  is  a  yellowish 
crystalline  mass  having  a  metallic  lufstre,  and  sometimea 
crystallising  in  hexagonal  prisms.  It  has  a  specific  gravity  of 
4*69,  is  not  magnetic,  and  does  not  lose  sulphur  when  ignited  in 
Ka  atmosphere  of  hydrogen,  or  when  heated  in  absence  of  air  to 
whiteness.  When  heated  in  the  air  it  oxidises,  being  converted 
partly  into  ferrous  sulphate,  whilst  at  a  high  temperature  sulphur 
dioxide  and  ferric  oxide  are  formed.  Sulphide  of  ammonium  pre- 
cipitates sulphide  of  iron  from  solutions  of  ferrous  salts  as  a 
black  amorphous  hydrated  precipitate,  whilst  the  same  re-agent 
throws  down  from  ferric  salts  a  mixture  of  monosulphide  and 
Bulphur : 

Fe,Cla  +  a^NHJjS  =  2FeS  +  8-1-  6NH^C1. 

If  seven  parts  of  iron  filings  and  four  parts  of  sulphur  be 
rubbed  up  to  a  paste  with  water  a  black  sulphide  is  also  produced 
with  evolution  of  heat.  In  this  form  it  oxidises  very  quickly 
in  the  air  with  increase  of  temperature  which,  when  the  mixture 
is  in  large  quantity,  may  rise  to  incandescence.  Hence,  accord- 
ing to  Leniery,  artificial  volcanoes  may  be  formed  if  several 
pounds  of  the  above  mixture  be  buried  in  the  earth,  The  black 
amorphous  sulpliide  is  also  formed  by  the  reduction  of  ferric 
oxide  or  its  salts  in  presence  of  sulphates  and  decomposing 
organic  matter.  This  is  the  cause  of  the  black  deposit  found  in 
drains  as  well  as  in  the  excrements  when  iron  is  used  as  a 
medicine. 

Iron  Sesqnisulphid^;,  FejSj,  does  not  occur  pure  in  the  mineral 
kingdom,  but  probably  forms  a  constituent  of  magnetic  pyrites 
and  copper  pyrites.  It  is  obtained  by  gently  heating  sulphtir  and 
iron  together  as  well  as  by  the  action  of  sulphuretted  hydrogen 
on  ferric  oxide  at  a  temperature  not  above  100°.  The  sulphide 
obtained  at  a  red-heat  forms  a  yellow  nou- magnetic  mass  which 
has  a  specific  gi-avity  of  44  and  is  decomposed  by  dihito  hydro- 
chloric acid  into  sulphnretted  hydrogen,  ferrous  sulphata  and 
iron  disulphide.  This  latter  remains  behind  in  the  form  of 
the  sesquioxide.  but  in  the  moist  state  can  be  pressed  to  an 
impalpable  powder  (Berzeliue). 

Magnetic  pijritts  may  be  regarded  as  a  compound  of  the  two 
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preceding  sul  phi<les.  Its  composition  varies  between  5FeS  +  FcoS, 
and  6FeS  +  FejSj.  It  crystallises  in  hexagonal  plates,  luually, 
however,  occurring  in  tlie  massive  state,  having  a  brownish- 
yellow  or  brassy  colour,  and  is  attracted  by  the  magnet,  sometimes 
being  itself  magnetic.  Its  specific  gravity  varies  from  44  to  47, 
and  it  frequently  contains  as  much  as  55  per  cent,  of  nickel, 
this  raetal  being  obtained  ia  America  from  this  source  in  con- 
siderable   quantities.      Iron   sesquisulphide   forms   compounds 

^with  the  other  sulpludes.^ 

^  Potassium,  Ferric  Sulphide,  K.^FejS^,  is  obtained  when  iron 
filings,  sulphur,  and  potassium  carbonate  are  heated  together, 
and  tlie  residue  extracted  with  water.  Purple-coloured  glisten- 
ing needle-shaped  crystals  are  thus  obtained  which  have  a 
specific  gravity  of  2863  and  burn  when  heated  in  the  air,  but 
when  iguit«d  in  a  current  of  hydrogen  are  converted  without 
change  of  form  into  the  black  compound  KjFeoSj. 

Sodium  Ferric  Siilphida,  NajFc^S^  +  4II2O,  is  obtained  in  a 

•similar  way  and  forms  brown  microscopic  needles. 
Silver  Ferric  Sulphide,  Ag^Fe^S^,   is  a  dark  brownish-black 
crystalline  power  obtained  by  the  action  of  silver  nitrate  solu- 
tion on  the  potassium  compound.     It  is  decomposed  by  hydro- 
chloric acid  with  evolution  of  sulphuretted  hydrogen. 

Iron  Bisulphide,  FeSj,  occurs  very  widely  distributed  as  iron 

I  pyrites.  This  mineral  was  known  in  early  times,  but  was  not 
distingiushed  from  copper  pyrites,  both  being  known  under  the 
name  of  ij-vplri)^.  Agricola  considered  these  as  two  varieties 
of  the  same  mineral. 
Iron  pyrites  occura  in  all  geological  formations,  and  usually 
crystallises  in  cubes  or  pyritobedrons,  but  also  occurs  in  other 

I  forms  and  combinations  of  the  regular  system.  It  is  frequently 
ibuDd  in  spherical,  botrj'oidal,  or  stalactytic  masses,  being  fomied 
by  the  action  of  organic  matter  on  water  which  contains  iron  in 
■olulion  in  the  form  of  sulphates.  Hence  it  is  frequently  found 
in  peat  and  in  crj-stalline  masses  often  possessing  the  form  of  the 
^original  orgnnic  matter  such  as  wood,  roots,  &c.  It  is  likewise 
^■found  in  chalk  clifls,  in  similar  concretionary  forms.  In  the  pure 
^Ktate  iron  disulphide  has  a  brass-yellow  colour,  and  a  specific 
^Drravity  of  5185.  It  is  very  hard,  giving  sparks  when  stnuk 
^B*ith  steeJ,  for  which  purpose  it  was  formerly  employed.  Iron 
disulphide  also  occurs  as  radiated  pyrites  and  marcasite  forming 
^Lbright  brass-coloured  rhombic  crystals  having  a  specific  gravity 
^H        '  Schneider,  Fogg.  Ann.  cxxxvi.  <60  ;  Preui,  Jmirn.  pr.  Chem.  cvii.  10. 
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of  4'68  to  4'85.     This  is  also  widely  diflused,  occurring  in  various 
forms,  especially   iu   lignite  beds.      Iron   disulpliide    may  be 
obtained  artificially  by  gently  heating  the  nioiiosulphido  with 
sulphur,  or  by  passing  sulphuretted  hydrogen  over  tlie  oxides  ot 
chlorides  of  irou  heated  to  redness.     When  an  intimate  mixture 
of  ferric  oxide,  sulphur,   and   sal-ammoniac   is   heated  slowly 
above  the  temperature  at  which  the  latter  compound  volatilises 
the  disulpliide  is  obtained  in  small  brass-yellow  octohedrons  and 
cubes   (Wohler).      Crystalline    pyrites   is    also    formed   when 
sulphide  of    carbon  vapour    acts    upon    heated  ferric    oxide 
(Schlagdenhauffen).     Iron  disulphide  is   not  magnetic   and  is 
not  attacked  by  dOute  acids  or  sulphuric  acid,  but  readjly  dis- 
solves in  nitric  acid  with  separation  of  sulphur. 


IRON  AND  NITROGEN. 


393  Iron  Nitride,  FcjN.  Berthollet  noticed  that  when  am- 
monia is  passed  over  ignited  iron  wire  it  is  converted  into  its 
elements  and  the  iron  becomes  brittle.  This  depends  upon  the 
fact  that  at  a  low  temperature  irou  nitride  is  fonned,  and  this  is 
decomposed  again  at  a  higher  point.  In  order  to  prepare  the 
nitride,  ferrous  or  ferric  cliloridc  is  heated  to  a  temperature  below 
redness  iu  a  current  of  dry  ammonia.  A  silver-white  brittle  mass 
is  thus  obtained  having  a  specific  gravity  of  5-0,  and  tliis  when 
brought  in  the  state  of  powder  into  a  gas-flame  ignites  with  emis 
sion  of  bright  sparks.  When  heated  in  hydrogen  pure  iron  is  left 
Iron  nitride  has  a  specific  gravity  of  6-03  and  is  so  soft  that  it 
may  be  cut  with  a  knife ;  ^  it  is  magnetic  and  oxidises  very  easily 
in  the  air,  dissolving  in  nitric  acid  with  evolution  of  nitric 
oxide,  and  also  in  dilute  sulphuric  acid  with  formation  of 
hydrogen,  nitrogen,  ferrous  sulphate,  and  anmionium  sulphate- 
Aqueous  vapour  converts  it  at  a  red-heat  into  black  magnetic 
oxide. 

Another  iron  nitride,  having  the  composition  Ft'jNj.  occurs  as 
a  lustrous  metallic  deposit  on  the  lavas  of  Etna.  It  may  be  arti- 
ficially prepared  by  heating  the  lava  in  a  current  of  hydrochloric 
acid  and  then  leading  ammonia  over  the  strongly  heated  mass. 
It  is  likewise  formed,  although  with  greater  difficulty,  when  the 
lava  is  ignited  in  a  current  of  sal-ammoniac  vapour.* 

Iron  Nilroso-thiocarbcmate,  Ye^CS^{1^0\  +  3H„0.     Tliis  com- 

'  Stahliclimitlt,  Pogg.  ^nn,  cxzr.  37.  *  SUrestri,  Pogg.  Ann.  clrii.  166. 
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pound  13  formed  when  sodium  nitrite  and  sodium  thiocarbonate 
are  added  to  a  solution  of  ferrous  sulphate.'  The  body  thus 
obtained  may  be  recrystallised  from  ether,  forming  black  prisms 
which  are  soluble  in  alcohol  and  ether,  and  are  not  attacked  by 
dilute  acids  and  alkalis.  On  boiling  with  caustic  alkali  ammonia 
is  evolved  and  ferric  oxide  deposited.  Potassium  cyanide  con- 
verts it  into  potassium  nitroprusaide. 

Iron  Nitroso-sulj)hidea.  These  compounds,  discovered  by 
Eoussin,*  are  obtained  when  the  nitrites  and  sulphides  of  the 
alkali  metals  act  upon  iron  salts,  in  the  same  way  as  the  nitro- 
prussides  are  formed  by  the  action  of  the  nitrites  and  cyanides 
on  iron  compounds.  The  composition  of  these  compound-s  has 
not  been  satisfactorily  ascertsiiiied,  although  they  liave  been 
analysed  by  several  chemists.' 

Iron  NUroso-sulphuk,  Ye^?:^Y{.,{'SO\  (Roussin) ;  Fe3S3(NO),-f- 

2H5O    (Proczinsky) ;    Fe8S5(Nd),„  +  4H,0    (Rosenberg).     Tliis 

compound  is  obtained  by  gradually  adding  a  solution  of  iron 

©alt  to  a  solution  of  potas.sium  nitrite  and  ammonium  sulphide. 

The   mixture   is   then  boiled  for  a   few  minutes  and  filtered ; 

on  cooling,   the  salt   separates  out  in  black  metallic  lustrous 

needles,  soluble  in  112  parts  of  cold  and  two  part^  of  boiling 

"prater.     Its  solution  possesses  an  intense  dark  blackish-brown 

<:olour  and  has  a  styptic  taste.     Alkalis  and  soluble  sulphides 

^nd  many  other  salts  separate  this  cotnpound  from  its  .solution, 

tut  on  boding  with  caustic  pota.^h  iron  oxide  is  separated  and 

Sft  potassium  iron  nitroso-sulphide,  Fe.jKjSjfNO)^   (Proczinsky), 

formed,    which   is   deposited   in  black   triclinic   easily   soluble 

crystals.     Caustic  soda  yields  a  similar  salt.     Cyanide  of  pobaa- 

eium  converts  the  nitro-sulphides  into  nitro-pi-ussides. 

I  394  In  the  year  1780.  J.  C.  F.  Meyer  whilst  examining  the 

cause  of  the  cold-shortness*  of  iron  came  to  the  conclusion  that 
Ibis  was  produced  by  the  presence  of  a  peculiar  metal  to  which 
he  gave  the  name  hydrosulerum.  The  subject  was  investigated 
shortly  afterwards  by  Bergman,  who  fmind  that  when  the  residue 
obtained  by  dissolving  cold-short  iron  in  sulphuric  acid,  is  fused 


IRON  AND  PHOSPHORUS. 


'  Ix)W,  Fharm.  ViftieljaJirsb.  xiv.  375.  •  Ann.  Chlm.  Phw.  fS],  lii.  285. 

•  I'rociinsky,  Ann.  Chcm.  Pharm.  cxxv.  302 ;  RoBenlerg,  Bcr.  Dculxh.  Chem. 
Qtt.  ui.  812. 
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before  the  blowpipe  with  reducing  agents  a  metallic  bead  is 
obtained  which  he  also  believed  to  be  a  peculiar  metal  to  which 
he  gave  the  name  of  sidcrum.  In  178-4,  Meyer  repeated  liis 
experiments  and  came  to  the  conclusion  that  the  substauce  thus 
obtained  was  a  compound  of  iron  and  phosphoric  acid,  and  it 
was  afterwards  ascertained  that  the  body  got  by  reduction 
on  charcoal  is  a  phosphide  of  iron. 

This  coropoiuiil,  which  has  the  composition  Fe^P,  is  obtained 
by  fusing  a  ferrous  or  ferric  piiosphate  together  with  lamp- 
black, under  a  layer  of  chloride  of  sodium.  It  is  a  jjorous, 
metallic,  non-magnetic  powder,  which  wlien  heated  in  the 
air  is  converted  into  a  basic  phosphate,  Fe^I'jOjj.  When 
ferrous  sulphate  solution  is  added  to  a  hot  mixture  of 
caustic  potash  and  phosphonis,  iron  phosi-hide,  Fe.,Pj,  is  pre- 
cipitated as  a  magnetic  powder  which  ttjkes  fire  when  heated 
in  the  air  to  100°  fSchenck).  If  ferric  phosphate  be  lieated 
to  whiteness  in  a  current  of  hydrogen,  the  compound  Fe^P,.  is 
obtuint'd  as  a  metallic  lustrous  non-maguutic  mass,  and  when 
iron  pyrites  or  iron  powder  is  ignited  in  a  stream  of  phospliuretted 
liydrogen  a  gi-cy  non-magnetic  powder,  having  the  composition 
FejP^  is  obtaiued,  whilst  the  compound  FcP  is  prepared  as  a 
dark-grey  powder  when  the  monosulphide  is  ignited  in  tlie  same 
gas,  or  when  iron  is  heated  in  phosphorus  vapour.  These  various 
phosphides  of  iron  do  not  nndergo  alteration  in  the  air.  They 
dissolve  in  hot  hydrochloric  acid  with  formation  of  hydrogen 
phosphide  and  phosphoric  acid,  and  they  can  be  fused  in  all 
proportions  with  iron.  Probably  some  of  the  above  compounds, 
as  well  as  others  which  have  been  prepared,  are  mixtures  of 
phosphide  with  metallic  iroa' 


IRON  AND  ARSENIC. 


395  Wlien  metallic  iron  is  ignited  with  an  excess  of  arsenic 
in  the  absence  of  air  a  white  and  very  brittle  mass  of  FeAs  is 
obtained.  Liiliiigite  or  FeAs^  occurs  as  a  mineral  cr}'stalli8ed 
in  silver-white  rhombic  prisms.  Mispickel  or  arsenical  pyrites 
FcjAsSj  is  a  more  common  mineral ;  it  crystallises  in  short 
rhombic  prisms  of  a  silver-white  colour.  A  portion  of  the  iron 
is  frequently  replaced  by  cobalt,  and  this  mineral  serves  as  the 
chief  source  of  the  arsenical  compounds. 

'  Freene,  Fogg.  Ann.  cxxxii.  225. 
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Detection  and  Estimation  of  Iron. 


396  The  ferrous  salts,  as  has  been  stated,  readily  absorb  oxygen, 
and  their  solutions,  therefore,  usually  contain  larger  or  smaller 
quantities  of  the  ferric  salts.  Hence  they  give  a  bluish-white 
precipitate  with  ferrocyanide  of  potassium,  and  this  on  shaking 
•with  air  assumes  a  dark-blue  colour.  FeiTicyanide  of  potassium 
produces  at  once  a  dark-blue  precipitate,  whilst  the  ferric  salts 
are  coloured  a  dark-brown  by  this  reagent,  no  precipitate  being 
formed.  By  these  reactions  it  is  easy  to  ascertain  whether  a 
ferrous,  or  a  ferric  salt,  or  a  mixture  of  both,  is  contained  in 
solution. 

With  alkalis,  ferrous  salts  give  a  white,  or  usually  greenish 
precipitate  which  quickly  changes  to  a  dark-green  colour  on 
exposure  to  air,  and  afterwards  becomes  brown.  Ferric  salts 
give  at  once  a  brown  precipitate.  Tlie  presence  of  these  latter 
may  also  be  readily  ascertained  by  the  blood-red  colour  which 
they  produce  with  soluble  thiocyanates.  A  bead  of  niicrocosmic 
salt  or  borax  is  coloured  dark  green  by  ferrous  salts.  This 
colour  readily  changes  to  a  yellow  or  reddish-bruwn  by  oxida- 
tion.    On  cooling,  the  colour  becomes  less  distinct,  disappearing 

Lalu^ether  if  only  traces  of  ferric  oxide  are  present.  Iron  can  also 
be  detected  in  the  dry  way  by  Bunsen's  test.  For  this  purpose 
the  compound  is  heated  on  the  end  of  a  carbonized  wooden 
match,  which  has  previously  been  impi'egnated  with  fused  sodium 
carbonate,  held  in  tlie  reduction  zone  of  the  non-luminous 
gas-flame.  The  whole  is  then  rubbed  up  in  an  agate  mortar  with 
a  little  water,  the  particles  of  iron  being  extracted  on  the  point 
of  a  magnetised  knife-blade.  The  adhering  particles  of  finely- 
divided  iron  are  brought  on  to  a  email  piece  of  filter  paper, 

I  dissolved  in  a  drop  of  aqua  regia  and  a  drop  of  ])otassiura  ferro- 

[cCyanide  added,  this  confirmatory  test  being  necessary  inasmucli 

[88  nickel  and  cobalt  are  also  magnetic  metals. 

The  iron  compounds  do  not  impart  any  colour  to  the  non- 
luminous  gas-fiaiiie.  Feme  chloride  gives  a  characteristic  spark 
spectrum  consisting  of  three  groups  of  lines  witli  the  following 
wave-lengths : — 
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When  traces  of  chlorine  are  present  only  the  last  group  is  seen. 
The  spark  spectnini  of  the  metal  contains  many  hundred  bright 
lines  of  which  each  has  a  corresponding  dark  line  in  the  solar 
spectrum.     The  most  distinctly  marked  and  brightest  are : 

r  4414-7 
In  the  indigo  (very  bright)  <  4404'2 

(  4382-8 

Frauuhofer's  G        .        .        4307-2 

T7  /  52G9-5 

"         r.        .        .      ^  52Q8-5 

b,        .        .        5168-3 


5166-7 


It  has  already  been  stated  that  manganese  is  obtained 
together  -B'ith  iron  in  the  course  of  qualitative  analysis  and 
the  mode  of  their  separation  has  already  been  described.  The 
precipitate  containing  ferric  hydroxide  may  also  contain  uranium. 
This  is  readily  separated  by  digesting  the  precipitate  with  con- 
centrated solution  of  ammonium  carbonate.  The  waslied  residue 
is  tlien  dissolved  in  hydrochloric  acid  and  the  confirmatory  test 
for  iron  applied. 

In  the  processes  of  qitantitative  analysis  iron  is  determini 
both  gravimetrically  and  volumetrically.  In  the  first 
tlie  iron  must  be  present  as  ferric  salt  Ferrous  salts  are, 
therefore,  previously  oxidised  by  nitric  acid  and  then  preci- 
pitated by  ainnionia,  the  precipitate  w-ashed  with  Imiliug  water, 
dried,  ignited,  and  weighed  as  the  sescmioxide.  If  the  solution 
should  contain  tartaric  acid,  sugar,  or  other  organic  compounds, 
ammonia  produces  no  precipitate.  If,  on  the  other  hand,  pho.s- 
phoric  or  boric  acid  be  present,  tlie  ferric  salts  of  these  acids  are 
thrown  down.  In  these  cases  the  iron  must  be  previously  pre- 
cipitated as  sulphide ;  this  is  well  washed,  dissolved  in  nitric  acid 
and  the  iron  precipitated  by  ammonia.  If  other  metals  pre- 
cipitable  by  ammonia  and  snljihide  of  ammonium  be  present,  the 
iron  can  be  separated  by  adding  acetate  of  snda  to  the  neutral 
solution  and  boiling,  when  ba.sic  ferric  acetate  is  thrown  down. 
This  is  filtered  whilst  boiling,  washed  with  boiling  water,  dried, 
and  ignited,  and  weighed  as  ferric  oxide.  Tiie  precipitate  may 
contain  alumina,  and  this  must  then  be  separated  by  means  of 
caustic  potash.  Iron  is  separated  from  manganese  by  precipi- 
tation with  the  succinate  or  benzoate  of  ammonium.  The  pre- 
cipitate is  first  washed  with  vi-ater  and  then  with  ammonia, 
when  it  is  converted  into  ferric  hydroxide. 
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For  volumetric  determination  iron  must  be  present  as  a  ferrous 
salt.  According  to  Marguerite's  process,  a  standard  solution 
of  potassium  permangauate  is  added  to  a  solution  of  the  ferrous 
salt  containing  free  sulphuric  acid.  As  suon  as  a  permanent 
red  colouration  is  noticed  the  oxidation  is  complete,  and  the 
quantity  of  iron  is  calculated  from  the  following  equation : 


N 


lOFeSO,  +  9H„S0<  +  2KMnO ,  =  5Fej(SOJs  +  2MnS0.  + 
2KHS0,  +  8jH0. 


(order  to  determine  the  strength  of  the  permanganate  solu- 
n  pure  ammonium  feiTous  sulphate  is  employed,  FeSO^  + 
HJ2SO4  +  61I.iO,  seven  parts  by  weight  of  the  salt  containing 
ictly  one  part  of  iron. 
Penny's  method  depends  upon  the  fact  that  a  ferrous  solution 
itaining  a  free  acid  La  oxidised  to  ferric  salt  by  potassium 
ciicbromale  as  follows : 

6FeCl4+KjCr,Oy  +  14HC1  =  '6Fe,C]g  +  2KC1  -h  Cvfi]^  +  IRfi. 

The  completion  of  the  reaction   is  ascertained  by  bringing  a 

drop  of  the  solution  in  contact  with  a  sohitiou  of  red  prassiate 

of  potash  on  a  porcelain  plate,  wlieu  no  further   blue  colour 

should  be  observed.     These  volumetric  methods  are  in  daily  use 

l^b  iron-works  for  testing  the  value  of  the  ore  and  for  analysing 

ftbe  various  products  of  the  manufacture.    As  many  of  the  ores 

of  iron  are  ferric  compounds  they  must  be  converted  into  ferrous 

salts.     This  is  done  by  warming  the  acid  solution  in  a  current  of 

carbon  dio.xide  in  contact  witli  pure  zinc.     In  the  laboratory  the 

[  "Volumetric  method  is  also  frequently  employed,  as  it  not  only  is 

a  quick  and  accurate  method,  but  also  because  the  amount  of 

Nrrous  salt  in  the  presence  of  ferric  salt  can  thus  be  ascertained. 
\n  this  purpose  it  is  only  necessary  to  treat  the  original  solu- 
on  with  the  standard  permanganate  and  afterwards  to  reduce 
Maother  sample  of  the  liquid  with  zinc.  By  this  method  like- 
[ise  the  tedious  separation  of  alumina  and  ferric  oxide  may  bo 
voided,  inasmuch  as  both  may  be  weighed  together,  then  brought 
into  solution,  and  this,  after  the  reduction  of  the  iron,  treated 
Viy  the  volumetric  method. 
j^K  Marguerite's  method  does  not  give  good  results  in  the  presence 
^|n  hydrochloric  acid,  inasmuch  as  chlorine  is  in  this  case  evolved. 
Hence  if  this  acid  be  present  it  is  either  necessary  to  remove  it 
by  boiling  with  sulphuric  acid,  or  Penny's  method  must  be 
employed. 


The  atomic  weight  of  iron  has  been  accurately  determined  by 
seveml  cheioists.  Svanberg  and  Norlin,^  by  the  oxidation  of 
iron  with  pure  nitric  acid,  obtained  the  number  55  83  as  the  mean 
of  seven  experiments ;  and  tlie  same  chemists  by  reducing  the 
oxide  in  hydrogen  obtained  the  number  55'J5  also  as  a  mean  of 
seven  experiments.  Berzeliiis  found  the  number  5()191  as  a 
mean  of  two  experiments  liy  oxidising  the  metal  with  nitric 
acid,  and  Erdraanii  and  Marchand,-  who  reduced  the  oxide  in 
hydrogen,  obtained  the  number  55'89  as  a  mean  of  eight  experi- 
ments. Maumene  *  dissolved  pure  iron  wire  in  nitric  acid 
and  precipitated  witli  ammonia,  the  mean  of  six  experiments 
giving  the  number  55-96 ;  and,  lastly,  Dumas,^  by  the  analysis 
of  ferric  chloride,  obtained  the  number  56"06,  whilst  by  the 
analysis  of  ferrous  chloride  the  number  55'96  was  obtained. 


COBLAT.   Co  =  s8-6. 


397  The  word  cobalt  occurs  in  the  writings  of  Basil  Valentine 
as  well  as  in  those  of  Paracelsus  aud  Agricola ;  two  meanings 
were  attached  to  this  name ;  in  the  first  place  it  signified  a  sprite 
or  gobhn  supposed  to  haunt  the  mine,  whilst  in  the  second  place 
it  was  used  to  denote  certain  minerals,  which  are,  however,  too 
imperfectly  described  for  exact  identification.  But  it  appears  that 
in  this  latter  sense  it  was  employed  to  designate  minerals  which, 
although  they  possessed  the  appearance  of  a  well-known  metallic 
ore,  did  not  yield  any  of  this  metal  when  subjected  to  the  usual 
treatment  Hence  the  word  came  to  signify  a  false  ore.  In  later 
times  the  same  name  was  given  to  the  mineral  which  was  used 
for  the  purpose  of  colouring  gloss  blue,  and  is  stiU  employed  for 
the  preparation  of  smalt.  In  1735,  Brandt  stated  that  the  bine 
colouring  of  smalt  depends  upon  the  presence  of  a  peculiar 
metal  to  which  he  gave  the  name  kobalt-rex,  and  in  1742  he 
showed  that  the  colour  of  smalt  does  not  depend,  as  had  been 
believed,  upon  the  presence  of  arsenic  and  iron,  metiils  which 
are  usually  found  in  cobalt  ores,  for  he  found  that  sotae  of  these 
ores  occur  free  from  arsenic,  and  that  these  likewise  gave  the 
blue  colour.  The  new  metal  was  stated  to  be  magnetic  and 
extremely  infusible.      These  observations   were   confirmed  by 
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•  Ann.  Chfm,  Pharm.  L  432. 

•  Joum.  Pr,  C/ifm,  xxxiii.  1. 

•  Ann.  Chim.  Phyt.  [3],  Ir.  129. 


«  Ann.  Chrm.  Phnrm.  L  442. 
*  Ann.  C/Un.  Phys.  [3],  xxx. ! 


Bergman  in  1780,  and  the  compounds  of  cobalt  were  afterwards 
examined  by  many  chemists. 

Cobalt  does  not  occur  iu  the  free  state  in  nature  and  its  ores 
are  not  very  widely  distributed.  It  is  found  as  linnaeite  Co^S^ ; 
skutterudite  CoASj ;  speiss-cobalt  (CoNiFejAsj ;  glance-cobalt 
(CoFe)(A8S)j ;  earthy  cobalt  or  wad  (CoMn)0.2MnOj  +  4U3O; 
erythrine  or  cobalt-bloom  Gog(A80J^  +  8H.^0,  &c. 

Cobalt  is  likewise  almost  always  found  as  a  constituent  of 
eteoric  iron,  and  its  presence  has  been  detected  iu  the  solar 
losphere. 

Trc<ttmcnt  of   Cobalt   Ores.     For  the  preparation   of  cobalt 
ipounds  speiss-cobalt  or  other  arsenical  ores  are  employed. 
dese,  after  roasting  or  calcination  in  the  air,  yield  an  impure 
Dbalt  arsenate  wliicli  comes  into  commerce  under  the  name  of 
affre,  and  which  is  further  worked  up  as  hereafter  described. 
The  cobalt  ores,  however,  usually  contain  large  quantities  of 
nickel  and  iron  as  well  as  other  metals,  and  for  this  reason  they 
are  usually  smelted  in  order  to  get  rid  of  the  greater  part  of  tlie 
iron,  tlie  process  employed  being  similar  to  that  which  is  used 
for  the  extraction  of  copper.     The  roasted  ore  is  fused  with  a 
flu.\  of  carbonate  of  lime  or  sand,  when  the  iron  slag  flows  on 
to  the  surface  whilst  the  cobalt  remains  below  as  a  heavy  speisa 
or  stone.     The  roasted  ore  or  the  speiss  is  then  dissolved  in 
strong  hydrochloric  acid,  any  arsenate  of  iron  which  may  be 
present  being  precipitated  by  the  careful  addition  of  bleaching- 
powder  solution  and  a  small  quantity  of  rnilk  of  lime ;  the  clear 
supernatant   liquid   is   drawn  off,   treated    with    sulphuretted 
hydrogen  for  the  purpose  of  separating  copper,  bismuth,  &c., 
and  then  the  oxide  of  cobalt  is  precipitated  from  the  clarified 
solution  by  bleaching-powder.      The   oxide  thus  obtained  is 
washed  and  ignited,  and  this  is  brought  into  market  and  largely 
ased  for  colouring  glass  and  porcelain  as  well  as  for  tlie  prepara- 
tion of  the  chloride  and  nitrate  of  cobalt.     This  oxide  usually 
contains  iron  and  almost  always  nickel  and  other  impurities, 
Tlie  processes  of  separating  these  will  be  described  later  on. 

3g8  Prqmratioii,  of  Mciallic  Cobalt.  The  metal  is  obtained  as 
a  grey  powder  by  igniting  the  oxide  or  chloride  in  a  current  of 
dry  hydrogen.  By  strongly  heating  the  oxalate  under  a  layer 
of  powdered  glass  the  metal  can  be  obtained  as  a  coherent 
mass,  and  this  may  be  fused  to  a  regulus  by  heating  it  in  a 
cniciblc  made  of  lime,  magnesia,  or  graphite.  Cobalt  possesses 
tlie  colour  of  polished  iron ;  it  is,  however,  harder  than  this 
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metal,  although  it  melts  at  a  somewhat  lower  temperature.  It 
is  malleable  and  very  tough ;  it  is  also  magnetic  and  has 
a  specific  gravity  varying  from  85  to  87.  Cobalt  in  the  form 
of  powder  absorbs  oxygen  from  the  air,  often  with  ignition  ;  the 
compact  metal  however  does  not  undergo  change  at  tiie  ordinary 
temperature,  but  slowly  oxidises  when  heated  and  bums  at  a 
very  high  temperature  with  a  red  flame. 

It  is  readily  soluble  in  hydrochloric,  dilute  sulphuric,  and 
nitric  acids,  and,  at  a  red-heat,  decomposes  steam. 


COBALT  AND  OXYGEN. 

Two  oxides  of  cobalt  are  known — 

Cobalt  monoxide,  CoO. 
Cobalt  sesquioxide,  CojOj. 

399  Cobalt  Monoxide,  or  Cdbaltous  Oxide,  CoO.  This  compoimd 
is  obtained  by  reducing  the  higher  oxide  by  heating  it  either 
in  a  current  of  hydrogen  to  a  temperature  not  above  350° 
(Winkelblech)  or  in  a  current  of  carbon  dioxide  to  redness 
until  its  weight  is  constant  (Eussell).^  It  is  a  light-brown  or 
greenish-brown  powder,  which  does  not  alter  in  the  air. 

Cobaltous  Hydroxide,  Co(OH)2,  is  obtained  by  precipitating  a 
cobaltous  salt  with  caustic  potash  in  the  absence  of  air.  A 
blue  basic  salt  is  first  obtained,  and  this,  on  boiling,  is  quickly 
converted  into  a  rose-red  coloured  hydroxide.  It  absorbs  oxygen 
from  the  air  and  changes  to  a  brown  tint. 

Cobaltous-Cobaltic  Oxide,  CogO^.  This  compound,  which  corre- 
sponds to  the  magnetic  oxide  of  iron,  is  obtained  when  one 
of  the  other  oxides  or  the  nitrate  is  heated  in  the  air;  thus 
obtained,  it  forms  a  black  powder  having  a  specific  gravity  of 
about  60.  If  a  dry  mixture  of  sal-ammoniac  and  cobalt 
oxalate  or  cobalt  chloride  be  heated  in  the  air,  or  in  oxygen,  this 
compound  is  obtained  in  hard,  metallic-lustrous,  microscopic 
octohedrons,  which  are  not  magnetic.  It  is  obtained  in  the 
hydrated  state  by  the  oxidation  of  moist  cobaltous  hydroxide  in 
the  air. 

If  either  of  the  oxides  already  mentioned,  or  the  carbo- 
nate, be  fused  with  caustic  potash  in  the  air,  and  the  tem- 
perature increased  to  the  point  at  which  the  alkali  volatilises, 
'  Chem.  Soc  Joum.  ,xvi.  51. 
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thin   six-aided  graphitic  scales   are    formed.      These   are   in- 
soluble  in  water  but  are  decomposed  by  hydrochloric  acid 
with  evolution  of  chlorine,  and  by  nitric  acid  with  evolution  of 
oxygen.     The  composition  of  this  compound,  to  which  the  name 
'  potassium  cobaltatc  has  been  given,  has  not  yet  been  ascer- 
with  certainty  ;  it  approaches,  however,  to  the  formula  ' 
)„K,  +  3H,0. 
CobaUic  Oxirle  or  Cobalt  Sesquiadde,  COjOs,  is  a  dark-brown 
powder  formed  by  gently  igniting  the  nitrate. 

Cobaltw  Hydroxide,  Coj{OH)g,  is  prepared  by  precipitating  a 
cobalt  salt  with  an  alkaline  hypochlorite  solution.  It  forms  a 
trownish-black  powder,  which  Is  decomposed  by  hydrochloric 
ficid  with  evolution  of  chlorine,  and  by  oxyacids  with  evolution 
of  oxygen. 

The  sesquioxide  and  its  hydroxide  act,  therefore,  as  peroxides, 
"bat  at  the  same  time  they  possess  weak  basic  properties  inas- 
much as  they  dissolve  in  well  cooled  acids  with  a  brownish- 
yellow  colour.  The  most  stable  of  these  compounds  is  a 
strongly  coloured  solution  obtained  by  dissolving  the  hydroxide 
in  acetic  acid  ;  this  decomposes  only  when  heated. 


h.. 


COBALTOUS  SALTS. 


400  These  correspond  to  the  monoxida   In  the  anhydrous  state 

ey  possess  a  deep  violet  or  blue  colour,  and  in  the  hydrated 

ndition  a  faint  rose-red  tint.   If  a  dilute  solution  of  the  chloride 

used  as  an  ink  the  writing  is  not  visible  when  it  is  allowed  to 

y  in  the  air,  but,  on  warming,  the  characters  appear  of  a  bright 

Jue  colour,  disappearing  again  gradually  on  standing  in  the  air 

owing  to  the  absorption  of  moisture. 

From  this  property  the  cobalt  salts  have  long  been  em- 
ployed for  the  manufacture  of  tlie  so-called  si/mpafhetifi  ink%  by 
which  is  understood  any  liquid  the  writing  of  which  is  invis- 
ible under  ordinary  conditions  but  which  can  be  rendered  appar- 
ent by  some  simple  treatment.  The  first  attempt  at  the  preparation 
of  such  an  ink  depended  upon  the  fact  that  a  solution  of  lead 
acetate  becomes  black  when  treated  with  a  decoction  of  orpiment 
in  milk  of  lime.  These  two  liquids,  which  were  known  as 
"aqus  magneticee  e  longinquo  agentes,"  were  mentioned  by 

'  Sch'wurenberg,  Ann.  Chem.  Pharm.,  cxvii.  211  ;  P«b»l,  ibid,  c.  262  ;  Mayer, 
Oul.  &  22e. 

91 


130 


METALS  OF  THE  IHON  GBODP. 


Lemery  in  1681  as  "encres  appelli^  sympatbiquea."  Soon 
after  this  other  sympathetic  inks  were  made  known  in  ihc 
treatise  termed  The  Key  to  mdock  tlu  Cabinet  of  tJu;  Secrtta  of 
Nature,  published  in  1705 ;  and  the  method  for  preparing  a 
sympathetic  ink  from  certain  bismuth  ores  is  described.  Up  to 
the  year  1744  tlie  peculiar  properties  of  this  ink  were  believed 
to  be  due  to  bismuth,  but  in  that  year  Gessner  proved  tlmt  cobalt 
contained  in  these  ores  was  the  active  agent  in  the  production 
of  the  ink  This  property  of  the  cobalt  salts  to  change  colour 
from  rose  to  blue  on  loss  of  water  has  lately  been  applied 
to  the  construction  of  floral  hygrometers.  Artificial  flowers 
are  prepared,  the  petals  of  which  are  tinted  with  cobalt  salto. 
In  damp  weather  the  flower  is  pink,  in  dry  weather  violet  or  blue. 
This  invention  is,  we  need  scarcely  add,  a  Parisian  one. 

The  soluble  normal  cobaltous  salts  possess  an  acid  reaction  and 
a  sour,  astringent  taste. 

Cobalt  CMoride,  CoCl^  Powdered  metallic  cobalt  takes  fire 
when  warmed  in  chlorine  gas,  forming  blue  crystalline  scales  of 
tiio  anhydrous  chloride,  which  can  be  readily  sublimed  in  a 
current  of  chlorine.  They  dissolve  in  alcohol  with  a  blue 
colour  and  on  addition  of  wat.er  first  become  >'iolet,  and  then 
rose-coloured.  Cobalt  chloride  is  obtained  in  aqueous  solution  by 
dissolving  the  carbonate,  or  one  of  the  oxides,  in  hydrochloric 
acid;  short  dark -red  monoclinic  prisms  crystallise  on  cooling 
the  concentrated  warm  solution ;  these  possess  the  composition 
CoCl,  -(-6HgO  and  have  a  specific  gravity  of  1-84;  they  melt 
at  SG""?  to  a  blue  liquid  which  begins  to  boil  at  111°,  gradually 
losing  two  molecules  of  water  and  depositing  peach-coloured 
deliquescent  crystals  CoCl,  4-  4HjO :  these  again  when  heated 
to  121"  yield  a  dark  crystalline  powder  CoCl^  +  2HjO.  A  con- 
centrated solution  of  the  chloride  becomes  bluo  on  addition  of 
concentrated  sulphuric  or  hydrochloric  acid. 

Cobalt  Brmnide,  CoBrj.  If  bromine  vapour  be  passed  over 
metallic  cobalt  at  a  dark  red-heat,  a  green  fused  mass  is  formed 
which  absorbs  water  from  the  air,  yielding  a  dark-red  liquid. 
This  solution  is  also  obtained  by  bringing  cobalt,  bromine  and 
water  together ;  if  the  solution  be  allowed  to  stand  over  sul- 
phuric acid,  dark  red  prisms  having  the  composition  CoBr.  -f 
6HjO  are  deposited,  and  this  when  heated  to  100°  gives  a  por- 
ple  mass  containing  CoBrj  -t-  2II.,0,  which  at  130°  yields  the 
anhydrous  bromide  as  an  amorphous  green  moss  (Rammelsbetg, 
Hartley). 
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Cobalt  Iodide,  Colg.  This  substance  is  formed  with  evolution 
of  lieat  when  finely  divided  cobalt  is  gently  wai-med  with  water 
and  iodine.  If  the  solution  be  allowed  to  evaporate  over  sul- 
phuric acid  until  ciystals  begin  to  deposit,  the  hydrate  Colj  + 
2HjO  is  formed,  which  on  exposure  to  the  air  deliquesces  to 
a  red  liquid.  This  when  heated  to  100°  until  it  turns  green 
deposits  dark-red  prisma  Colj  +  GH,0  ;  which  at  130°  lose  their 
water  and  the  anhydrous  iodide  remains  as  an  iodine-like  mass. 

Cobalt  Fluoride,  CoF,,  is  obtained  by  dissolving  the  oxide  or 

carbonate  in  hydroHuoric  acid  j  on  evaporation  rose-red  crystals 

are  deposited  having  the  composition  CoFj  -j-  2HjO :  these  are 

decomposed  by  boiling  water  with  the  formation  of  a  light-red 

^insoluble  oxy-tluoride. 

^M  Cobalt  SulpJiate,  C0SO4 -f-7HjO.  This  salt  occurs  native  as  cobalt 
^^itriol.  or  bieberite,  in  ciystalline  crusts.  It  is  prepared  artificially 
^■by  dissolving  the  carbonate  or  oxides  in  dilute  sulphuric  acid  ; 
and  crystallises  in  red  prisms  having  the  form  of  iron  vitriol 
which  are  unalterable  in  the  air.  It  has  a  specific  gravity  of 
1'924  (Schiff).  posses.se8  a  weak  astringent  metallic  taste,  is 
easily  soluble  in  water,  but  does  not  dissolve  in  alcohol.  Accord- 
ing to  Tobler  100  parts  of  water  dissolve  : 


At 
CoSO, 


10' 
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36-4 


29' 
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"WTjen  its  solution  is  allowed  to  stand  at  from  40°  to  50°  mono- 
linio  crystals  having  the  composition  CoSO,,  -|-  GU.fl  are 
brmed,  and  these  are  isomorphous  with  the  corresponding  zinc 
t.  If  a  concentrated  solution  of  cobalt  sulphate  be  poured 
gently  into  sulphuric  acid  a  peach-blossom  coloured  powder 
CoSO^  +  4K2O  is  deposited.  All  the  hydrates  lose  their  water 
on  heating  but  do  not  fuse,  becoming  opaque  and  of  a  rose-red 
colour  (Proust). 

Cobalt  Nitraie,  Co(NOs)j  -»-  GHjO.  This  substance  generally 
forms  an  indistinctly  crystalline  mass :  it  may  be  obtained 
by  slow  evaporation  in  monoclinic  prisms,  having  a  specific 
gravity  of  183  and  not  undergoing  change  in  dry  air*.  It  begins 
to  melt  below  100°,  and  when  more  strongly  heated  the  violet 
liquid  becomes  thick  and  green ;  then  it  begins  to  boil,  giving  off 
nitrous  fumes,  and  tlie  black  oxide  is  left  behind. 

Phonphates  and  Arsenates  of  Cobalt,  The  normal  and  mono- 
hydrogen  cobalt  salts  of  the  difTerent  mollifications  of  phos- 
phoric acid  are  rose-red  or  violet-blue  insoluble  compounds.    The 


di-bydrogen-orthophosphate  is  easily  soluble  in  water  and  forms 
a  gummy  mass.  The  arsenates  are  similar  bodies ;  the  nonnal 
arsenate  Co3(As04)2  4-  8HjO  occurs  native  as  cobalt-bloom  or 
erytldne,  in  violet  monoclinic  needles  isoniorjihous  with  vivianite 
or  in  earthy  masses.  Zaffre  is  also  an  impure  basic  arsenate 
(CoO)(AsO^),  obtained  by  roasting  cobalt  glance  free  from  iron, 
or  by  dissolving  the  ore  in  nitric  acid  and  precipitating  with 
aoda.     This  is  also  used  for  painting  on  porcelain. 

401  Silicates  of  CohaU.  Small.  Tlie  silicates  of  cobalt  do  not 
occur  as  minerals  in  nature.  Although  certain  specimens  of 
ancient  Egyptian  glass  have  been  found  to  be  coloured  blue  by 
cobalt,  the  direct  application  of  the  ores  of  cobalt  for  this 
purpose  appears  to  date  from  the  16th  century.  Smalt  is  a 
potash-glass  intensely  coloured  blue  by  cobalt  oxide.  Up  to 
the  middle  of  this  century  smalt  was  largely  used  for  colouring 
starch,  paper,  &g.,  but  the  recent  introduction  of  artificial  ultra- 
marine has  done  much  to  diminish  the  demand  for  cobalt  blue. 

For  the  preparation  of  smalt,  the  ore  such  as  speiss-cobalt  or 
cobalt-glance,  free  from  iron  and  sulphur,  is  first  carefully 
roasted  so  that  the  cobalt  is  mainly  oxidised,  whilst  nickel,  iron, 
copper,  and  bismuth  remain  as  much  as  possible  unaltered  and 
separate  out  when  the  mixture  is  melted  with  glass  as  an  in- 
soluble speiss.  The  roasted  ore  is  then  fused  with  a  mixture  of 
quartz-sand,  and  potashes,  the  fusion  being  effected  in  large 
earthen  pots,  airaiiged  in  a  furnace  similar  to  that  employed  for 
the  manufacture  of  plate-glass.  The  arsenides  of  nickel  and 
iron  sink  to  the  bottom  of  the  pot  and  the  glass  is  ladled  out 
into  cold  water.  The  blue  glass  is  then  ground  with  water  to  an 
impalpable  powder  under  granite  stones, 

Smalt  varies  in  composition  according  to  the  differences  in 
the  ores,  as  also  in  the  proportion  of  sand  and  potashes  employed. 
Thus  the  amount  of  silica  varies  l^etween  5G  and  70  per  cent., 
that  of  potash  between  12  and  22,  and  that  of  cobalt  between 
6  and  16  per  cent.  In  addition,  smalt  contains  small  quantities 
of  alumina,  ferric  oxide,  and  frequently  also  lime  and  oxide 
of  lead  ;  the  commoner  varieties  like\vise  contain  oxide  of 
nickel.  Smalt  has  the  advantage  as  a  paint  over  ultramarine  that 
its  colour  is  not  destroyed  by  the  action  of  acids. 

Together  with  smalt,  two  other  pigments  containing  cobalt 
must  be  mentioned  although  their  composition  is  undetermined. 

Binmann's  Green  is  obtainefl  either  by  precipitating  a  mixture 
of  zinc  sulphate  and  cobalt  sulphate  with  soda  and  heating 
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the  washed  precipitate,  or  by  evaporating  a  solution  of  cobalt 
nitrate  with  oxide  of  zinc,  or  zinc  nitrate,  to  dryness,  and 
igniting  the  residue.  Eecently  a  very  intense  green  coloured 
mass  lias  been  obtained  by  heating  zinc  white  with  roseo- 
cobaltic  chloride  '  (see  page  137)  to  a  moderate  red-heat. 

nututnfs  Bhii  or  Cuhalt  Ultramarine.  When  alumina,  or  a 
salt  of  aluminium,  is  strongly  heated  with  cobalt  oxide  or 
one  of  its  salts,  a  fine  blue-coloured  compound  is  obtained.  This 
is  prepared  on  the  large  scale  by  heating  a  mixture  of  alumina 
with  phosphate  or  arsenate  of  cobalt ;  it  is  used  as  a  paint. 

Carbonates  of  Cobalt.  The  normal  salt,  CoCOj,  is  obtained  as 
a  bright-red  powder,  consisting  of  microscopic  rhombohedrons, 
by  heating  cobalt  chloride  to  14U°  with  a  solution  of  sodium 
bicarbonate  saturated  with  carbon  dioxide.  The  salt  CoCOj  + 
GHjO  is  formed  by  allowing  mixed  solutions  of  cobalt  nitrate 
and  sodium  bicarbonate  saturated  with  carlxui  dioxide  to  stand 
exposed  to  a  low  temperature  until  the  amorphous  precipitate 
which  is  first  formed  becomes  crystalline ;  the  dry  salt  is  con- 
verted into  the  anhydrous  salt  on  warming.  When  a  cold  or 
hot  solution  of  a  cobalt  salt  is  precipitated  with  normal  or 
acid  sodium  carbonate,  bluish  or  violet  basic  cobalt  carbonates 
of  varying  composition,  are  thrown  down. 

Cohaltous  Cyanide,  Co(CN)j.  This  is  a  red  precipitate 
obtained  when  solutions  of  potassium  cyanide  and  a  cobalt  salt 
are  brought  together.  It  easily  dissolves  in  excess  of  the  pre- 
cipitant forming  the  soluble  double  salt,  Co(CN)2  -t-  2KCi^'.  If 
the  solution  be  treated  with  dilute  hydrochloric  acid  cohaltous 
cyanide  is  again  precipitated,  but  if  the  solution  be  previously 
diluted  this  does  not  occur,  inasmuch  as  potassium  cobalti- 
cyanide  ia  formed  (see  page  l-iO). 
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402  Cobalt  sesquioxide  possesses  very  feebly  basic  properties. 
It  dissolves  in  cold  acids  yielding  brown  coloured  solutions,  and 
the  compounds  thus  obtained  decompose  with  great  ease,  the  oxy- 
salts  evolving  oxygen,  and  the  chloride  chlorine.  The  most 
stable  salt  is  the  acetate,  and  this  is  obtained  when  moist  cobaltic 
hydroxide  is  added  to  cold  acetic  acid.  The  dark  yellowish- 
brown  solution  gives  brown  precipitates  with  alkalfs  and  sodium 

'  Ber.  EnltB.  Chcm.  Ind.  i.  875. 
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phosphate,  and  yields  a  hlack  precipitate  with  ammonium 
Bulphide. 

In  addition  to  these  unstable  simple  cobaltic  salts,  a  number 
of  other  remarkable  compounds  are  known  which  contain  the 
hexad  group  Coj.  These  are  far  more  stable  than  the  simple 
salts,  and  exhibit  altogether  distinct  reactions. 

Potassium  Cobalt  Nitrite,  Kfio^i^O^-^^  +  SH^O,  was  discovered 
by  Fischer,*  and  is  obtained  as  a  yellow  precipitate  when  the 
solution  of  a  cobaltous  salt,  acidified  with  acetic  acid,  is  mixed 
with  a  solution  of  potassium  nitrite  : 

2C0CI,  +  lOKNOj  +  4HNO2  =  K9Co2(NO^ij  +  4KC1  +  2N0  + 

2H,0. 

As  this  salt  is  snmewhat  soluble  in  water,  it  is  best  to  wash 
it  with  a  solution  of  potassium  acetate,  and  then  with  an  80 
per  cent,  alcohol.  Cobalt  yellow,  as  this  compound  is  also 
termed,  is  a  bright  yellow  powder  consisting  of  microscopic 
pyramids,  or  of  four-  or  six-sided  stellated  forms.  According  to 
iSadtler"''  the  salt  is  usually  anhydrous.  It  can  however  be 
obtained,  according  to  the  concentration  of  the  solution,  with 
from  one  to  four  molecules  of  water,  and  its  colour  then  varies 
from  a  bright  yellow  to  a  dark  gi-eenish-yellow.  It  is  decomposed 
by  nitric  and  hydrochloric  acids,  but  only  when  heated.  Caustic 
potash  solution  attacks  it  with  difficulty.  Caustic  soda  or 
barj'ta  water  on  the  other  hand,  decomposes  it  readily,  on  gently 
wanning,  with  precipitation  of  the  brown  hydroxide.  The  salt 
suspended  in  water  is  only  slowly  attacked  by  sulplmretted  hy- 
drogen, but  sulphide  of  ammonium  instantly  separates  black 
sulphide  of  cobalt. 

Corresponding  compounds  of  sodium,  ammonium,  and  thallium 
are  also  known. 

If  a  solution  of  cobalt  chloride  be  precipitated  with  potassium 
nitrite  without  addition  of  acid,  a  yellow  hydrated  precipitate  of 
potassium  cobaltous  nitrite,  2KNO2  +  Co(NO^j,  is  obtained, 
soluble  in  hot  water  and  yielding  a  red  solution.* 

•  Pogg.  Ann.  Ixxiv.  124.  »  .Si7/im.  Jotim.  [2],  xlix.  189. 

>  Erdmonn,  Joum.  Prac  Chem.  xcvii.  385. 
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Ammonucal  Cobalt  Compounds  ob  CoBAXTAMmE  Salts. 

403  In  1799  Taaaaert*  observed  that  a  solution  of  a  cobalt  salt 
nminonia  assumes  a  brown  colour  on  exposure  to  the  air,  and 
Ihat  this  changes  on  boiling  to  a  wine-red,  whilst  Thenard  *  in 
1803,  stated  that  these  changes  were  brought  about  by  an  absorp- 
tion of  oxygen.  This  latter  observutiou  was  confinued  by  Proust, 
_who  found  that  on  evaporating  the  snlulioa,  black  cobaltic  oxide 
eparates  out  The  compounds  which  are  thus  formed  have 
jittracted  the  attention  of  many  chemists,*  but  still  the  subject 
luot  be  considered  to  have  been  yet  exhausted.  For  although 
he  examination  of  these  bodies  began  in  the  year  1851,  the  cou- 
itution  of  these  peculiar  ammoniacal  cobalt  compounds  is  far 
Dm  being  understood.  Tliey  all  possess  the  empirical  com- 
position of  one  molecule  of  a  cobaltic  salt,  such  as  Co,Clj, 
^^orobined  with  several  molecules  of  ammonia.  We  are  not 
^^nly  acquaint«d  with  normal,  acid,  and  basic  salts  of  this  descrip- 
^^Bon,  but  also  with  some  which  contain  several  acid  radicals. 
^^Hany  of  these  form  double  salts  with  the  chlorides  of  plati- 
num, gold,  and  otlier  metals  ;  whilst  others  again  exist  which 
although  possessing  identical  cliemical  composition  exhibit  a 
ta^ifference  in  properties,  or  are  isomerides.  The  double  salto 
^Btossess  a  purely  saline  taste  as  opposed  to  a  met-allic  one,  and 
^Hn  some  of  the  groups  the  corresponding  hydroxides  are  known 
^^Bi  ai^ueous  solution.  These  hydroxides  exhibit  an  alkaline  re- 
^^ction,  and  have  a  purely  alkaline  taste. 

f  Tlie  cobaltamine  salts  are  all  characterised  by  peculiar  colours, 
and  their  names  are  derived  from  this  property.  The  following 
is  the  8erii«  of  the  normal  clilorides : 

lexammonio-cobaltic  (or  dichro-cobaltic)  chloride,  CojCl,(N'Hj)g. 

ctamraonio-cobaltic  (or  praseo-colialtic)  chloride,  CojClB(NHj)g. 
)ecammonin-cnballic  (or  roseo-  and  purpureo-  )  p    pi  /t»ttt  n 

cobaltic)  chloride,  )  '-°2^'<'^^  "»''»• 

)odecammonio-cobaltic(orluteo-cobaltic)  chloride,  C0ijCl,(NH3),g. 

mchro-nobaltu  Chloride,  Co.f:\{T^'R^^-i>-  2^^.    This  is  obtained 
^hen  an  ammoniacal  solution  of  cobaltic  chloride  is  exposed 

'  ^nfi.  Chim.  [1],  xlii.  211.  '  Ihld.  [11,  xxviii.  95,  106. 

•  fienth.  Ann.  i'lirm.  P/iaria.  Ixxx.  275  ;  Frciiiy,  Cimpl.  Rend,  xxxii.  600  and 
M;  Ckmli-t,  I'hit.  Mui),  iv.  [2J,  263.     A  liintDry  of  these  compounds  will  lu 
I  in  rntfrmichnvgtn  d.  AinimniahiliiicJit  Kobalt  y''erbin<lunym,  by  Fr.  Rose, 
•jg:  1871. 
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to  the  air  until  flocculse  of  cobaltic  hydroxide  separate  out.    Th& 
solution  is  then  treated  with  an  excess  of  hydrochloric  acid  ant^ 
allowed  to  stand  for  some  time.     It  is  thus  obtained  in  the  form  » -* 
featlier-like  crystals,  which  when  thin  possess  a  reddish-browi^ 
colour ;  on  the  other  hand,  when  crystallised  from  neutral  solu — 
tions  it  is  deposited  in  connected  plates  consisting  of  hexagonal  - 
pyramids,  aiid  these  when  small  transmit  dark  green  light,  whilst 
when  of  a  larger  size  they  are  black  and  opaque.     The  pecu- 
liar dichroism  of  this  salt  is  well  seen  under  the  microscope 
If  a    crystal    be    broken    up    the   splinters   exhibit  dififerent 
colours.     Tiie  salt  dissolves  in  pure  water  with  a  greenish-blue 
colour,  which  soon  becomes  of  a  light  blue  and  passes  gradually 
into  violet     On  heating,  these  changes  occur  at  once,  and,  on 
boiling,  a  black  precipitate  of  cobaltio  hydroxide   is  formed 
and  ammonia  is  evolved  (Rose). 

Fraseo-cobaltie  Chloride,  CojC]6(NHj)g  +  2HjjO.  This  is  nsunlly 
formed  together  witli  the  foregoing  compound  and  other  cobalta- 
miue  chlorides.  It  crystallises  in  email  glistening  needles 
which  possess  an  emerald  green  colour.  These  dissolve  in 
water  yielding  a  green  solution  which  soon  becomes  red,  and 
undergoes  decomposition  on  boiling.  If  fuseo-cobaliic  chloride 
be  warmed  with  tolerably  dilute  hydrochloric  acid  a  deep  violet 
solution  is  obtained,  and  tliis  on  cooling  deposits  small  violet 
octohedrons  which  posesss  the  same  composition  as  the  green 
salt,  and  pass  into  the  latter  when  dissolved  in  concentrated 
sulphuric  acid,  to  which  hydrochloric  acid  is  gradually  added.* 

Fmco-cohaltk  salts.  Fremy  has  described  a  series  of  salts 
which  likewise  contain  eight  molecules  of  ammonia  to  two 
atoms  of  cobalt.  These  may  be  considered  as  basic  praseo- 
cobaltic  salts.  Thus  tho  nitrate  is  Coj(>r03)^(01T)j(NH3)g  + 
2HjO.  The  fuseo-salts  are  contained  in  the  brown  solution 
whicli  is  formed  when  an  ammoniocal  solution  is  exposed  to 
the  air.  They  are  precipitated  from  this  solution  by  alcohol 
and  are  non-crystallisable. 

404  Rosco-cdballic  Salts.  These  are  usually  formed  when  the 
oxidised  solution  is  slightly  acidified,  oud  likewise  when 
solutions  of  the  fuseo-salts  are  warmed.  They  possess  a  dark- 
red  or  cherry-red  colour,  are  dichroic,  and  their  solutions  are 
easily  decomposed  on  boiling. 

Boseo-coballic  Hydroxide,  C0j(0H)fl(NH3),g,  is  obtained  when  a 
solution  of  the  chloride  is  decomposed  by  silver  oxide,  or  that  of 

'  Vurtmniin,  Bcr.  Dtutaeh.  Oum,  Gu.  1877,  1461. 
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the  sulphate  by  baryta  water.  The  red  solution  has  a  strongly 
alkaline  taste,  it  absorbs  carbon  dioxide  from  the  air,  and  on 
eating  decomposes  with  separation  of  cobaltic  hydroxide. 

Jioftco-cvbaltik  Cldoridc,  CojCl,(NHg),o  +  2HjO,  is  contained 
in  the  solution  when  it  becomes  red  on  expostire  to  tlie 
air.  When  this  is  treated  witli  hydrochloric  acid  in  the 
cold  tliis  chloride  is  separated  out  iu  the  form  of  a  brick- 
red  precipitate,  and  this  is  washed  with  concentrated  hydro- 
chloric acid  and  ice-cold  water,  and  dried  at  as  low  a  tem- 
perature as  possible.  It  dissolves  in  water  with  a  red  colour, 
the  solution  passing  after  a  time  to  a  violet-red  colour,  and  con- 
taining purpureo- cobaltic  chloride.  It  forms  a  double  salt  with 
platinum  chloride,  CojCl„(NH,,)i()  +  2\\Q\^  +  5UjO,  wliich  is 
deposited  as  a  pale  yellowish-red  crystalline  powder. 

Bosco-cobnltic  Nitrate,  Co.^(N0s)g(NH3),p  +  2HjO,  is  prepared 
from  cobalt  nitrate  in  the  same  way  as  the  last  compound  is 
obtained  from  the  chloride.  It  is  deposited  on  spontaneous 
evaporation  of  the  wine-red  solution  in  red  monoclinic  crystals. 

Rosfo-cobaUic  SulpluUe,  QoJ^^Q^^{)^'il.^^^  +  oH^O.     This separ- 

tXes  out  from  the  dark-red  ammoniacitl  solution  on  the  addition 
f  sulphuric  acid  as  a  brick-red  ciystaUine  powder.     Garnet- 
ed  qu.idiatic  crystals  may  be  obtained  by  recrystuUising  from  a 
slifihtly  acidified  aqueous  solution. 

405  Furpureo-ochaltic  Salts  are  formed  wlien  the  corresponding 
rost'O-coltaltic  compounds  are  gently  heated  with  acids.     They 
^Biave  a  violet  or  purple  colour,  and  the  sulphate  yields  with 
™lKiry fa-water  a  deep  red  strongly  alkaline  solution  of  the  corre- 
sponding hydroxide. 

PHrpurto-colialtic  Clilorvle,  CojClj(N !!,),„,  is  obtained,  by 
boiling  a  solution  of  the  roseo-salt,  in  the  form  of  a  carmine 
precipitate  which  is  very  difficultly  soluble  in  water,  and 
crystallises  from  a  hot  dilute  hydrochloric  acid  solution  in 
Rinliydrous  quadratic  jirisms.  It  I'orms  with  pl.atinum  clilorido 
the  double  salt,  CojC]„(NH,),,-f  2PtCl4,  which  is  almost  insoluble 
in  cold  water,  and  is  thrown  down  in  brownish-red  crystals 
having  a  silky  lustre. 

The  purpureo-cobaltic  s(dts  are  distinguished  from  their 
isonierides,  tiie  roseo-cobaltic  compounds,  not  only  by  their 
colour,  but  also  by  tiie  fact  that  M'liilst  the  first  are  usually 
anhydrous  tlie  latter  are,  as  a  rule,  hydrated.  The  purpureo- 
salts  can  also  be  crystallised  from  aqueous  solutiim  without 
piously  passing  into  the  roseo-salts.    They  may,  however,  be 
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indirectly  combined  with  water.  Thus  if  an  ammoniacal  solu- 
tion of  purpureo-chloride  be  dissolved  in  cold  strong  hydrochloric 
acid,  hydrated  roseo-chloride  is  obtained,  and  this  on  heating, 
even  in  dilute  acid  solution,  again  loses  water  aftd  passes  into 
the  purpureo-compound.  Eoseo-cobaltic  chloride  dissolves  at 
10°  in  48  parts,  whilst  purpureo-cobaltic  chloride  dissolves  only 
in  287  parts  of  water. 

406  Lutco-cobaliic  Salts  frequently  occur  as  products  of  the 
decomposition  of  the  other  cobaltamine  compounds.  They  are 
tolerably  stable,  possess  a  more  or  less  yellow  or  bronze  colour 
and  e.vbibit  dichroisra.  •  When  the  sulphate  is  decomposed  by 
baryta-water  a  strongly  alkaline  yellow  solution  of  the  hydroxide, 
Coj(OH)o(NH3)i2,  is  obtained. 

Lutco-cohaltic  Cldoride,  Qof^^(lS'R^^^  is  obtained  when  the 
ammoniacal  cobalt  chloride  solution  is  allowed  to  stand  for 
some  time,  especially  in  the  presence  of  sal-ammoniac.  The 
formation  of  the  salt  is  facilitated  by  addition  of  oxidising 
substances  such  as  lead  dio.xide,  bromine,  &c.  (Braun,  Mills). 
It  crystallises  in  reddish -yellow  monoclinic  prisms  or  pyramids, 
which  dissolve  slowly  in  cold  but  readily  in  hot  water.  It 
forms  a  difficultly  soluble  double  salt  with  platinum  chloride, 
which  crystallises  from  hot  solution  in  monocliuic  prisms  having 
the  composition  Co^Cla(NHs),3  +  31'tCl^  +  21HjO. 

Ammwiio-cobaltous  Sails  are  formed  as  the  last  product  of  the 
action  of  oxygen  on  the  ammoniacal  cobalt  solutions.  They  are 
slightly  soluble  in  ammonia  and  are  decomposed  by  water  with 
evolution  of  oxygen  (Fremy).  The  nitrate,  Co^Oj(NOj)^(NIIj)j(, 
+  2HjO,  is  obtained  when  a  rapid  current  of  air  is  passed 
through  a  solution  in  ammonia  of  cobalt  nitrate  and  ammo- 
nium nitrate,  Dark  olive-green  prisms  separate  from  the  brown 
solution  on  standing,  and  these  are  soluble  in  hot  ammonia  and 
may  be  recrystallised.  Hot  water  decomposes  them  with 
evolution  of  52  per  cent,  of  oxygen. 

407  Nitro-Cohaltamine  Salts.  These  salts  are  obtained  by 
the  action  of  nitjous  acid  or  the  nitrates  on  ammoniacal  cobalt 
solutions.  They  may  be  classed  in  three  groups,  one  or  other  of 
which  is  obtained  according  to  the  conditions  of  the  experiment. 
The  chlorides  have  the  following  composition  : 
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Croceo-cobaltic  chloride,  CojCl,(N02),(NH3)g. 
Xaiitho-cobaltic  chloride,  CooCl4(N02)o(NH3),,. 
Flavo-cobaltic  chloride,  '"o,Clj(NOj)j;NHs),j. 
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The  Croceo-cobaltk  Sails  may  be  regarded  as  purpureo-cobaltic 
salts  in  which  two-thirds  of  the  acid  radical  is  replaced  by 
nitroxyl.  The  mlphatc,  Co^O^{'SO^^(^Ti^^,  is  formed  when  a 
mixture  of  solutions  of  cobalt  sulphate  and  potassium  nitrite 
saturated  with  ammonia  is  exposed  to  the  air.  It  is  deposited 
in  orange-yeUow  crystals  together  with  green  cobaltic  hydroxide. 
The  mixture  is  filtered  and  the  residue  dissolved  in  liot  dilute 
nitric  acid,  and  from  this  solution  the  sulphate  is  obtained  on 
cooling  in  the  form  of  yellow  quadratic  tables.  Large  wine-red 
crystals  are  also  obtained  from  dilute  solutions.     It  is  slightly 

luble  in  boiling  water.* 

Crocf-o-cobnltic  Chloride,  C0jjCl,j(N02)i(NH3)8,  is  obtained  by 
heating  the  sulphate  with  a  solution  of  barium  chloride  and 
hydrochloric  acid.  It  is  somewhat  more  soluble  than  the 
sulphate  and  forms  sherry-coloured  iridescent  tables.  It  yields 
a  double  salt  with  platinum  chloride,  Co/2li(i!iOj)JiN}l^^  +  TtC\, 
crystallising  in  dark-orange  prisms. 

jLaniho-mhallic  Salts  may  be  considered  as  roseo-cobalt  com- 
pounds in  which  nitroxyl  replaces  one-third  of  the  acid  radical. 
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The  sulphate,  Co^(i>0^^^^0^^{'i^Yi^^fJ,  is  formed  by  passing 
nitrous  fumes  tlirough  an  amnioniacal  solution  of  cobalt  sul- 
phate,  the  solution  being   kept  alkaline  by   the   addition   of 

monia  (Gibbs  and  Genth).     The  brown-red  liquid  deposits 

Tstals  on  spontaneous  evaporation  which  may  be  recrystallised 

from  acetic  acid  solution.     It  forms  brownish-yellow  rhombic 

tables  which  dissolve  with  difficulty  in  cold  water,  and  when 

iled  with  hydrochloric  acid  the  salt  yields  a  purpureo-cobaltic 

loride. 

Xantho-cdbaltic  Chloride,  C0oCl^(N'0^)2(NH3),„,  is  obtained  by 
decomposing  the  sulphate  with  barium  chloride,  when  it  is 
deposited  in  well-formed  brownish-yellow  beautifully  iridescent 
crystals.  Hot  hydrochloric  acid  decomposes  it  like  the  sulphate. 
Tlie  platinum  double  salt  has  the  composition  C0jCl4(N0j)j 
(NH,),9  -I-  2PtCl4  4-  2HoO  ;  it  is  almost  insoluble  in  water  and 
is  deposited  from  dilute  hydrochloric  acid  solution  in  brown 
crystals. 

TM  Flavo-cohaltic  Salts  may  be  considered  as  roseo-cobalt 
compounds  in  which  two-thirds  of  the  acid  radical  is  replaced 
by  nitroxyl. 


Flavo-cdbaltic  Cldoride,  Co.jCl,(NOj)^(NH3),|,,  is  obtained  in 


^byn 
■  Fl 
^^  dark-orange  coloured  crj'stals  when  a  hot  solution  of  purpureo 

^^  ■  Oibbs,  Sillim.  Joum.  [3],  ri.  116. 


140 


METALS  OF  THE  IRON  GROUP. 


cobaltic  chloride  is  added  to  a  solntion  of  sodium  nitrite  slightly 
acidified  with  acetic  acid.*    It  is  easily  soluble  in  hot  water,  aa^ 
ou  tlie  additiou  of  silver  nitrate  yields  xantho-cobaltic  nitrate 


Co,Cl,(NO,X(XH,),o  +  4AgN03  =  Co,(N03),(NO^,(NH,)j,  -h 
2AgCl  +  2AgN0g. 


With  platinum  chloride  and  other  chlorides  it  forms  wel 
crystallised  double  salts.  Tlie  Havo-cobaltic  salts  are  dis- 
tinguished from  the  xantho-cobaltic  salts,  inasraucli  as  they 
yield  tiocculeiit  precipitates  with  cyanides  of  the  alkali-metals 
and  the  nitrates  of  platinum,  nickel,  cobalt,  and  cadmium. 


J 


COBALTICYANIDES. 


408  Pofassium  CohaUiq/anide,  K,(CN)j2Co2,  is  formed  when  an 
excess  of  potassium  cyanide  is  added  to  a  solution  of  a  cobalt 
salt,  together  with  a  little  acetic  acid  or  hydrochloric  acid  and 
the  liquid  well  boiled : 

6KCN  +  2Co(CN),  +  2HCN  =  Ka(CN)ijCo,  -t-  Hj. 

This  salt  is  obtained  in  bright  yellow  crystals  isomorphous 
with  potassium  ferricyauida*  Copper  sulphate  yields  a  blue, 
and  silver  nitrate  a  white  precipitate,  the  salts  Cu3(CN)uCoj 
and  Agg(CN),jCoj  being  formed.  Ferrous  cobalticyanide, 
Fej(CN),gCoj  is  a  white  precipitate  whilst  cobaltous  cobalticya- 
nide, Co3(CN)jjCoj  -I-  14H5,0,  is  a  bright  red  precipitate  which 
becomes  anhydrous  and  blue  when  heated  to  2U0°.  "Wlien  the 
copper  salt  is  decomposed  by  sulphuretted  hydrogen  cohaltiq/anic 
acid,  Hg(CN)jjCoj,  is  formed,  and  this  is  deposited  in  colourless 
silky  needles  on  evaporating  the  solution.  It  is  deliquescent, 
has  a  strongly  acid  taste  and  reaction,  and  is  not  attacked  even 
by  strong  nitric  acid. 


COBALT  AND  SULPHUR. 


409  Cobalt  Monosulphide,  CoS,  is  obtained  as  a  black  hydrated 
precipitate  when  a  solution  of  a  cobalt  salt  is  mixed  with  ammo- 
nium sulphide.  It  dissolves  in  concentrated  hydrochloric  acid 
with  evolution  of  sulphuretted  hydrogen.    The  cold  dilute  acid 

'  GiMis,  Bcr.  DeuUch.  Chem.  Gfs.  iii.  43. 
*  Gmelin,  Uandlnuli  Org.  Chetn.  i.  387. 
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dissolves  it  but  slowly,  whilst  it  is  almost  insoluble  in  dilute 
acetic  acid-  When  the  monosidphide  is  mixed  with  sulphur 
and  the  mixture  ignited  in  a  current  of  hydrogen  the  following 
sulphides  are  formed  according  to  the  temperature  employed: 
CoSg,  CojSj,  CoS ;  and  at  a  white  heat,  CojS  (H.  Eose).  The 
monosulphide  is  found  as  an  Indian  mineral  known  as  syepoorite. 
occurring  in  ancient  schists  in  grains  or  veins  of  a  yellowish 
Bteel-grey  colour. 

Cobalt  pyrites  or  linnaeite,  C03S4,  occurs  at  Bastnas,  near 
Kiddarhyttan,  at  Miisseu  in  Prussia,  as  well  as  at  Mineral  Hill 
in  Maryland,  and  at  Mine  La  Motte  in  Missouri.  It  forms 
steel-grey  or  tarnished  copper-red  regular  octohodrons,  and  also 
occurs  in  the  massive  state.  It  usually  contains  more  or  less 
nickel  as  well  as  some  iron  and  copper.  The  same  compound 
can  be  artificially  obtained  as  a  blackish-grey  powder  by  heating 
a  cobalt  salt  with  potassium  polysulphide  to  a  temperature  of 
160*. 


k 


COBALT  AND  PHOSPHORUS. 


4x0  When  pieces  of  phosphorus  are  thrown  on  to  ignited  cobalt 
a  metallic  lustrous  blueish-white  brittle  mass  is  formed.  This 
tarnishes  on  exposure  to  air  and  melts  at  a  lower  temperature 
than  cobalt  and  contains  6  per  cent,  of  phosphorus.  On  heating 
it  burns  with  formation  of  a  dark-blue  glass  (Pelletier).  When 
cobalt  reduced  in  hydrogen  is  heated  to  dark  redness  in  the 
■vapotir  of  phosphorus,  a  light  grey  metallic  lustrous  mass  is 
armed,  containing  284 per  cent,  of  phosphorus  (Schrotter),  and 
corresponds  nearly  to  the  formula  CojPj,  and  this  compound 
is  also  formed  as  a  black  powder  by  igniting  a  normal  phosphate 
in  a  current  of  hydrogen. 


COBALT  AND  ARSENIC. 


411  Cobalt  Arsenide,  CoASj,   occurs   as   skutterrudite  near 

Modum  in  Norway  crystallised  in  octohedrons  or  combinations 

1  well  as  in  the  massive  state.     It  possesses  a  colour  from  tin- 

irhite  to  a  pale  lead-grey,  and  usually  contains  small  quantities 

of  iron  and  sulphur. 

Smaltite  or  tin-white  cobalt,  CoAsj,  usually  contains  varying 
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quantities  of  iron  and  nickel,  und  it  occurs  in  tin-white  octo- 
hedroQs  or  combinations  as  well  as  in  the  massive  state  in  the 
Erzegebirge. 

Cobaltite,  cobalt-glance,  or  bright  white  cobalt,  CoASj  +  CoSj, 
crystallises  in  the  regular  system  usually  in  pyramid  octohedrons 
and  their  combinations,  and  a  portion  of  the  cobalt  is  usually 
replaced  by  iron.  It  has  a  silver-wliite  colour  inclining  to  red, 
and  occurs  at  Tunneberg  and  other  localities  in  Sweden,  at  Siegen 
in  Westphalia,  and  the  Bottolack  Mine  near  St  Just  in  Corn- 
wall, The  most  productive  mines  are  those  of  Vena  in  Sweden, 
where  it  is  found  in  mica-slate. 

Detection  akd  Estimation  op  Cobalt. 

4.13  This  metal  is  characterised  by  its  black  sulphide  insoluble 
in  acetic  and  ddute  hydrochloric  acids  and  by  the  fine  blue  coloiu- 
which  its  compounds  impart  to  the  borax  bead.  If  a  cobalt 
compound  be  reduced  on  a  carbonised  match  the  metal  is  ob- 
tained in  shining  white  magnetic  particles,  which  dissolve  in 
hydrochloric  acid  with  a  rose-red  colour,  the  solution  becoming 
blue  on  evaporation. 

In  the  separation  from  other  metals,  already  described  under 
manganese  (see  p.  25),  cobalt  and  nickel  are  always  obtained 
together.  The  separation  of  these  two  will  be  described  under 
the  detection  of  nickel 

Cobalt  cliloride  imparts  to  the  non-luminous  gas  flame  an 
evanescent  rose-red  colour,  but  this  does  not  give  any  charac- 
teristic spectrum.  The  spark  spectrum  of  the  cldoride  contains 
a  large  number  of  bright  Unes  of  which  the  most  important 
the  following  (Lecoq  de  Boisbaudran) : 


I 


a  5535 


/9  5265 


7  48G8. 

The  metal  also  gives  a  spark  spectrum  consisting  of  a  large 
number  of  bright  lines  of  wliieh  the  following  in  the  blue  are 
the  most  cJiaracteristic  (Thak'n) : 

f  4867  J  4813-5  4778-7 

14839  14791-7 

Cobalt  is  usually  estimated  as  the  oxide,  C03O4.  It  may  also 
be  weighed  as  metal  obtained  by  the  reduction  of  the  nitrate 
or  the  chloride  in  hydrogen ;  and  when  it  is  combined  with  a 
volatile  acid  it  may  be  determined  as  the  anhydrous  sulphate  by 
heating  the  salt  with  sulphuric  acid. 
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7%e  atomic  iceighi  of  cobalt  Laa  been  repeatedly  determined 
but  without  concordant  results.  Rotbhoff  *  converted  a  weighed 
quantity  of  the  monoxide  into  the  cliloride  and  obtained  the 
number  5879.  The  relation  between  the  carbon  and  cobalt  in 
the  oxalate  gave  Schneider  *  the  number  59'85.  Marignac,*  by 
the  analysis  of  the  sulphate,  obtained  numbers  varying  from 
5849  to  5861,  whilst  by  the  analysis  of  the  anhydrous  chloride 
he  obtained  similarly  58o7  to  5869,  and  by  that  of  the  crystal- 
lised chloride  5869  to  58'87.  From  numerous  analyses  of  the 
cobalt.ainine  salts  Gibbs  *  deduced  tlie  number  58  85  as  an 
average,  whilst  Dumas,*  from  the  analysis  of  the  chloride,  ob- 
tained the  number  58'85  to  5903.  Russell,"  in  fifteen  closely 
agreeing  experiments,  obtained  the  number  58'6  by  reducing  the 
monoxide  in  a  current  of  hydrogren.  By  dissolving  the  pure 
metal  in  hydrochloric  acid  and  determining  the  amount  of 
hydrogen  evolved  he  likewise  obtained  the  number  5861  as  a 
mean  of  four  determinations.^ 


NICKEL,  Ni.  =  58-6. 

413  Tlie  first  mention  of  an  ore  of  this  metal  is  found  in  the 
writings  of  Hiarni  in  1694,  under  the  name  of  kupfer-nickel, 
this  name,  sim'nilying  false  copper,  being  given  to  it  because, 
whilst  possessing  tlie  colour  of  a  copper  ore,  this  latter  metal 
could  not  be  extracted  from  it.  In  spite  of  the  failure,  the  ore 
was  long  supposed  to  contain  copper,  but  after  the  discovery  of 
cobalt  many  believed  that  this  metal  was  contained  in  kupfer- 
nickel.*  In  1751  Cronstedt  published  in  the  Transactions  of 
the  Stockholm  Academy  an  investigation  upon  an  ore  which  was 
obtained  from  the  mines  of  Helsingland.  This  yielded  a  green 
vitriol  which  imparted  a  brown  and  not  a  blue  colour  to  glass, 
and  yielded  a  hard  brittle  metal  In  1754  he  stated  that  a 
semi-metal  occurred  most  abundantly  in  kupfer-nickel,  and  there- 
fore he  proposed  to  give  to  it  the  name  of  nickel  He  likewise 
showed  that  the  speiss  formed  in  the  preparation  of  smalt 
consists  to  a  large  extent  of  nickel  and  Mas  not,  as  had  been 
l)elieved,  a  burnt  cobalt  which  had  lost  its  spirit.  Cronstedfs 
views  did  not  find  general  acceptance,  but  in  1774  Bergman's 


'  Poffff.  Ann.  Tiii.  JS."!. 
'  ArcJi.  /*jia.  Aai.  [2],  i.  373. 
»  .r<M.  Chim.  Phv,  [SJ,  Iv.  129. 
'  CkcM.  JXVm,  XX.  20. 


'  Jhid.  cL  387. 

*  SUlim,  Joam.  [2],  xxv.  -483. 

•  Jmtm.  C/um.  Sne.  [2],  i.  51. 

»  See  Link,  Phil,  Tram.  1726,  p.  238. 
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research  on  nickel  made  its  appearance,  and  in  this  he  showed 
that  the  nickel  which  Cronstedt  had  only  obtained  in  the  impure 
state  was  in  reality  a  new  metal. 

Nickel  almost  always  occurs  in  nature  together  with  cobalL 
Its  most  important  ores  in  addition  to  those  whicli  have  already 
been  described  are  nickeline  or  kupfer-nickel,  NiAs,  the  most 
important  ore  of  the  metal  found,  in  the  Saxon  mines,  in  Styria, 
at  Leadliills.  aud  in  Connecticut;  nickel-glance,  Ni(AsS)j;  breil- 
Lauptite,  NiSb ;  mrllerite  or  nickel-blende,  NiS ;  liunaeite, 
(CoNiFe)jS4 ;  pentlandite,  (NLFe)S  ;  nickel-ochre  or  annabergite, 
NijCAsOJj  -I-  SUfi;  rewdanskite,  (NiFeMg)3Si20,  -|-  2HjO,  &c. 
Nickel  also  occura  frequently  in  magnetic  pyintes,  that  from  the 
Gap  Mine  in  Pennsylvania  containing  56  per  cent.,  and  being 
worked  for  nickeL  An  important  new  source  of  nickel  has 
lately  been  opened  out  in  New  Caledonia,  where  large  quantities 
of  a  silicate  of  nickel  called  garnierite,  2(NiMg)jSi^0y  +  3H,0, 
occur. 

Nickel  is  an  essential  constituent  of  meteoric  iron,  and  its 
presence  in  extra-terrestrial  matter  was  first  detected  by  Prout 
It  is  also  contained  in  the  sun's  atmosphere. 

414  The  preparation  of  metallic  nickel  was  formerly  conducted 
by  roasting  and  calcination.  By  this  means  nickel,  cobalt,  and 
copper,  combined  with  arsenic  and  sulphur,  are  obtained  in  the 
form  of  a  speiss,  whilst  the  oxidised  iron  floats  off  as  a  slag. 
The  speiss  when  fused  with  white  sand  pelds  smalt  and  a 
speiss  free  from  cobalt,  and  this  latter,  when  roasted,  yields  an 
impure  oxide  of  nickel  wliich  may  afterwards  be  reduced  by 
means  of  carbon  to  the  metallic  state. 

A  purer  product  is  obtained  by  separation  in  the  wet  way. 
For  this  purpose  a  matt  containing  nickel  and  cobalt  is  also 
prepared.  This  is  then  roasted  and  the  crude  oxides  dissolved 
in  hydrochloric  or  sulphuric  acid.  If  the  solution  should  con- 
tain ferrous  salts  these  must  be  oxidised  with  bleaching  powder, 
and  the  iron  precipitated  by  the  addition  of  lime  or  chalk,  whilst 
the  copper  is  thrown  down  with  sulphuretted  hydrogen  or 
sodium  sidphide.  The  cobalt  is  then  precipitated  by  bleaching- 
powder,  and  the  nickel  contained  in  the  clear  solution  precipi- 
tated as  the  hydroxide  or  carbonute  by  milk  of  lime  or  soda-ash. 
This  is  tlien  ignited  and  purified  by  treatment  with  hydrochloric 
acid  when  the  excess  of  lime  and  calcium  carbonate  dissolve. 
If  calcium  sulphate  should  be  present,  the  impure  oxide  is 
heated  with  steam,  and  soda-ash  solution  added  in  such  quantity 
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that  after  boiling  for  a  quarter  of  an  hour  an  excess  still  remains. 
The  sodinm  sulphate  is  then  removed  by  washing  with  water 
and  the  calcium  carbonate  (formed  by  double  decomposition) 
dissolved  in  dilute  hydrochloric  acid.  Cobalt  and  nickel  can 
also  be  separated  by  adding  ammonium  sulphate  to  a  concen- 
trated solution  of  the  mixed  sulphates  together  with  a  small 
quantity  of  sulphuric  acid  when  the  difficultly  soluble  ammonium- 
nickel  sulphate  separates  out,  and  this  only  requires  to  be  heated 
in  earthenwao-e  tubes  in  order  to  volatilise  the  ammonium  sul- 
phate which  may  thus  be  regained  for  further  operations.  The 
residual  nickel  sulphate  can  be  almost  completely  reduced  to 
oxide  by  roasting  with  a  small  quantity  of  cliarcoal.  In  order 
to  remove  the  least  traces  of  sidphur  the  residue  is  ignited  witli 
soda  and  saltpetre  and  afterwards  well  washed.  The  oxide  is 
then  pressed  into  the  form  of  small  cubes,  and  these  strongly 
ignited  with  charcoal  powder.  The  reduction  takes  place  from 
the  outside,  the  metal  absorbing  carbon.  The  operation  is 
usually  carried  on  in  clay  cnicibles  standing  on  the  hearth  of 
a  reverberatory  furnace,  or  in  a  special  furnace  invented  by 
Kiiuzel'  which  permits  the  reduction  to  be  carried  on  con- 
tinuously. This  consists  of  a  furnace  through  which  vertical 
fire-clay  tubes  pass ;  these  tubes  are  charged  at  the  top  with 
the  mixture  of  crude  oxide  and  coal,  and  the  metal  is  withdrawn 
from  time  to  time  at  the  bottom.  Commercial  nickel  contains 
carbon  aa  well  as  small  traces  of  cobalt,  copper,  iron,  and  other 
impurities. 

The  ore  from  Xew  Caledonia,  which  is  quit«  free  from  cobalt, 
may  be  worked  up  by  two  processes ;  according  to  the  first,  the 
ore  is  treated  with  hydrochloric  acid,  and  the  solution  precipi- 
tated with  oxalic  acid,  the  insoluble  oxalate  being  then  reduced 
to  metftl  by  reduction  with  lime  and  carbon.  Or  the  hydrochloric 
acid  solution  of  the  ore  is  heated  with  chalk  to  tlirow  down 
oxides  of  iron  and  aluminium,  and  the  nickel  precipitated  in 
the  fdtrate  ■with  a  mixture  of  milk  of  lime  and  bleaching- 
powder. 

In  order  to  prepare  the  pure  metal  the  oxalate  may  be  ignited 
in  absence  of  air  and  the  metallic  powder  obtained  fused  in  a 
double  lime  crucible  (Deville),  or  the  chloride  may  be  reduced  in 
a  current  of  hydrogen. 

415  Properties.  Nickel  is  a  lustrous  silver-white  metal  having 
a  steel-grey  tinge.     It  is  very  hard  and  takes  a  fine  polish,  and 
>  BcrictU.  £tUu!.  Chem.  Jnd.  i.  866. 
92 
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may  easily  be  rolled  out  into  tLiu  plates  and  drawn  into  wire. 
Its  specific  gravity  is  8'9.  It  is  malleable  and  can  be  welded. 
When  the  metal  contains  carbon  it  is  less  malleable  and  more 
readily  fusible  than  when  it  is  pure.  Nickel  oxidises  only  with 
difficulty  even  on  heating  in  the  air,  and  melts  at  a  some- 
what lower  temperature  than  iron  and  cobalt  It  decomposes 
steam  veiy  slowly  at  a  red-heat  with  formation  of  the  mono.xide, 
and  it  is  soluble  in  liydrochloric  or  dilute  sulphuric  acid,  and 
does  not  dissolve  quickly  even  in  the  concentrated  acii  On 
the  other  hand,  it  dissolves  readily  in  dilute  nitric  acid  ;  but  if 
it  be  dipped  into  the  concentrated  acid  it  becomes  "  passive " 
as  iron  does.  Nickel  is  attracted  by  the  magnet  and  readily 
assumes  a  polar  condition. 

EUdro-nickd  Platinf}.  Pure  nickel  is  used  as  the  positive  pole 
in  processes  of  the  galvanic  deposition  of  nickel  which  are  espe- 
cially valuable  for  coating  iron  and  steel  with  a  tlun  film  of  pure 
nickel  If  the  coating  be  well  deposited  it  scarcely  undergoes 
any  o.\idation.  Tlie  process  of  nickel-plating  was  first  applied 
to  fire-arms  in  order  to  preserve  them  from  rusting.  Now,  how- 
ever, it  is  also  used  for  covering  various  parts  of  machines,  locks, 
keys,  surgical  instruments,  and  other  fine  iron-  and  steel-work, 
and  is  especially  carried  on  in  America.  A  great  variety  of 
proposals  have  been  made  for  the  preparation  of  the  liquid  used 
in  this  process,  but  the  only  bath  which  is  practically  useful  is 
one  made  of  pure  nickel  ammonium  sulphate  which  is  saturated 
at  a  temperature  of  from  20°  to  25°.^ 


Alloys  of  Nickel 

416  In  1825  Th^nard  in  his  Traiti  de  Chimie  remarked  that 
nickel  was  not  employed  for  any  practical  purpose,  although 
Engestrom  had  pointed  out  so  long  ago  as  1776,  that  Chinese 
packfong  is  an  alloy  of  copper,  zinc,  and  nickel.  Packfong,  or 
rather  Pack-Tong  means  white  copper,  and  Tong-Pack  probably 
means  the  same  thing,  although  in  Europe  this  name  changed 
to  tomback  is  employed  to  describe  a  particular  kind  of  brass. 
Since  the  middle  of  the  last  century  a  white  alloy  has  been 
prepared  at  Suhl,  in  Hanneberg,  from  old  copjHjr  slag,  and 
Brandes  in  1823  showed  that  this  white  copper  chiefly  consists 
of  an  alloy  of  copper  and  nickel,  and  thus  commenced  the 
manufacture  of  nickel  alloys  known  under  the  name  of  German- 
'  Ber.  Enlto.  Chem,  Ind.  L  874. 
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silver,  nickel-silver,  or  argentan,  a  trade  which  has  now  attained 
large  dimensions.  The  nickel  industry  received  a  further  im- 
pulse from  the  application  of  copper-nickel  alloys  to  the  manu- 
facture of  small  coin,  which  was  tirst  introduced  into  Switzer- 
land in  1850.  The  Swiss  pieces  of  twenty,  ten,  and  five  centimes 
contain  respectively  fifteen,  ten,  and  five  per  cent,  of  silver 
allo}-ed  with  10  parts  of  nickel  and  125  of  zinc,  the  residue 
being  made  up  of  copper.  These  proportions  are,  however,  not 
constant,  as  in  the  melting,  more  or  less  zinc  volatilises.  A 
yellow  aJloy  containing  twelve  of  nickel  to  eighty-eight  of 
copper  was  adopted  in  1856  by  the  United  States  Government 
for  the  one  cent  pieces,  and  in  18G0  the  Belgian  Government 
instituted  a  nickel-copper  coinage,  containing  twenty-five  of 
the  former  to  seventy-five  of  the  latter  metal,  this  same  alloy 
being  adopted  in  1866  by  the  United  States,  for  tlie  five  and  ten 
cent  pieces,  and  by  Brazil  in  1872.  The  German  Government  in 
1873  adopted  the  same  alloy  for  the  five-  and  ten-pfennig  pieces, 
and  the  pence  and  half-pence  lately  coined  for  Jamaica  possess 
the  same  composition. 

The  advantages  of  nickel  coining  are,  in  the  first  place,  that 

tthe  metal  is  more  valuable  than  copper,  and,  therefore,  for  the 

same  value  tlie  coins  can  be  of  smaller  size ;  secondly,  that  the 

alloy  is  hard  and,  therefore,  the  coin  wears  well ;  thirdly,  that 

the   alloy   requires   experienced   w'orkmen  to   prepare   in    the 

homogeneous  condition ;  and,  lastly,  that  in  consequence  of  its 

hardness  it  requires  powerful  machinery  for  its  manufacture. 

)wing  to  these  uses  of  the  metal  the  price  of  nickel  suddenly 

i,  but  has  lately  fallen  again. 

It  is  a  very  remarkable  fact  that  a  coin  of  the  Bactrian  King 

Euthydemos  who  reigned  about  235  before  Christ,  analysed  by 

Flight*  possesses  a  veiy  similar  composition  to  the  alloy  in 

question : 

Copper V7-58 

Nickel 2004 

Cobalt 054 

Iron 105 

Tin 004 

Silver trace 

Sulphur 009 


99-34 


*  The  Numittiuitie  Chrmielt,  Tui  305  :  and  Pogg.  Ann.  czxxix.  507. 
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The  above  alloys  of  nickel  absorb  on  fosing  a  considerable 
quantity  of  gases,  and  the  more  the  higher  the  temperature  and 
the  percentage  of  nickel  contained.  Etinzel  found  that  if  an 
alloy  of  eighty  of  copper  and  twenty  of  nickel  be  fused  in  a 
crucible  half  filled  with  the  mixture,  and  this  quickly  cooled 
the  mass  froths  up  from  the  evolution  of  gas,  and  runs  over  the 
top  of  the  crucible.  If  a  copper-nickel  aUoy  be  granulated  in 
water  yellow  globules  are  obtained,  and  these  are  frequently  so 
thin  that  they  swim  on  the  surface  of  the  water.^ 

Nickd-sUver,  or  German^silvcr  is  an  alloy  of  copper,  nickel, 
and  zinc,  containing  its  constituents  in  varying  proportions 
according  to  the  method  of  preparation  and  the  articles  for  which 
it  is  used.  As  a  rule  five  parts  of  copper,  two  of  nickel,  and 
two  of  zinc  are  used,  thus  giving  rise  to  an  alloy  which  has 
the  appearance  of  silver  alloyed  with  one  quarter  of  copper. 
In  Sheffield  eight  parts  of  copper,  35  of  zinc,  and  three  of 
nickel  are  employed.  A  commoner  and  yellowish  aUoy  is 
obtained  when  less  nickel  is  iised,  whereas  if  more  nickel  be 
employed  the  alloy  has  a  bright  white  colour,  and  takes  a  high 
silvery  polish.  The  addition  of  25  per  cent,  of  iron  makes  the 
alloy  whiter,  but  also  harder  and  more  brittle. 

The  following  table  gives  the  composition  of  several  of  these 
alloys :  No.  I.  is  Chinese  packfong  analysed  by  Fyfe ;  IL  the 
same  by  Kefferstein ;  III.  German-silver  by  Bolley ;  IV. — ^VI 
various  samples  of  nickel-silver  used  in  Birmingham  for  articles 
to  be  plated,  and  analysed  by  Louyet ;  and  VII.  an  alloy  from 
Sheffield  distinguished  by  extraordinary  elasticity  and  used 
for  the  friskets  of  printing-presses,  analysed  by  Eisner. 


I. 

II.       III. 

IV. 

V. 

VI. 

VII. 

Copper 

.    40-4 

26-3    540 

63-34 

62-40 

62-63 

57-4 

Zinc 

.     25-4 

36-8    28-0 

17-01 

2215 

26-05 

250 

Nickel 

.     31-6 

36-8    18-0 

19-13 

15-05 

10-85 

130 

Iron    . 

.      2-6 

—      — 

trace 

trace 

trace 

3-0 

1000 

99-9  1000 

99-48 

99-60 

99-53 

98-4 

,  In  preparing  nickel-silver  it  is  usual  to  melt  the  zinc  with 
half  the  weight  of  copper  which  it  is  ultimately  to  contain,  this 
alloy  being  then  cast  into  thin  plates.  The  other  half  of  the 
copper  is  then  fused  with  the  nickel  under  a  bed  of  charcoal- 
powder,  and  the  copper  zinc  alloy  added.  After  cooling,  the 
*  Ber.  Entu).  Chcm.  Ind.  L  887. 


alloy  jiossessea  a  crj'stalline  structure,  and  this  is  got  rid  of  by 
Lammering  and  rolling,  again  heating,  and  allowing  it  to  cool. 
When  it  Iiua  once  lost  its  crystalline  structure  it  can  be  worked 
like  brass,  and  although  it  is  harder  and  tougher  it  may  be 
rolled  out  to  foil  and  dra\*'n  to  wire.  Hence  it  is  used  for  a  great 
number  of  purposes,  as  it  is  much  cheaper  than  silver  and  less 
apt  to  be  discoloured.  Ou  the  other  hand,  it  is  more  readily 
attacked  by  acid  liquids,  and  for  this  reason  nickel-silver 
articles  employed  for  household  use  are  generally  covered  with 
a  coating  of  silver. 


NICKEL  AND  OXYGEN. 


417  Kichl  Monoxide,  or  l^ickcl  Oxide,  NiO.     This  substance 

^occurs  as  bunsenite  at  Johanngeorgenstadt  in  Saxony,  in  vitreous 

^^anslucent  pistachio-green  regular  octohedrons  having  a  specific 

^Bravity  of  G-398.     It  may  be  obtained  in  the  form  of  a  green 

^B&ystalline  powder  by  strongly  heating  the  hydro.xide,  carbonate 

or  nitrate.     If  nickel  borate  be  ignited  with  lime  in  a  pottery 

furnace  and  the  mass  treated  with   hydrochloric  acid,  nickel 

oxide  remains  behind  in  green  cube-octohedrons  M'hich  have  a 

specific  gravity  of  68  (Ebelmen),  whilst  if  the  metal  be  ignited 

in  a  currents  of  steam,  pale  olive-green  crystals  of  the  oxide 

are  formed. 

Nickil  Hydroxide,  Ni(OH)j,  is  thrown  down  when  a  solution 
of  a  nickel  salt  is  heated  with  potash  or  soda,  as  an  apple-green 
precipitate  slightly  soluble  in  water.     It  dissolves  in  ammonia 
!      with  a  blue  colour,  and  it  sepai'ates  out  as  a  green  crystalline 

powder  on  boiling  the  animoniacal  solution. 
L         Nichd  Sesquioxidc,  or  Nickd  Peroxide,  NijOj,  is  a  black  powder 
^Kbtained  by  gentle  ignition  of  tlie  nitrate  or  carbonate  in  the  air.  It  • 
^^Qssolves  in  sulphuric  and  nitric  acids  with  evolution  of  oxygen, 
and  in  hydrochloric  acid  with   evolution    of  chlorine,   whilst 
nitrogen  is  evolved  when  it  is  acted  upon  by  ammonia : 


3Ni,0,  -f-  2NH3  +  3HjO  =  6Ni(0H)s  +  N, 


^^P  chlorine  be  passed  through  the  hydroxide  suspended  in  water, 
nickel  perhydroxide  or  nickel  sesquihydroxide,   Nij(OH),,  is 
btained 

3Ni(0n)j  +  Clj  =  NiClj  -I-  Nij(0H)8. 
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This  compound  is  formed  as  a  black  precipitate  when  the 
solution  of  a  nickel  salt  is  warmed  with  an  alkaline  hypo- 
chlorite solution.  On  drying  it  forms  a  black  mass  with 
lustrous  conchoidal  fracture.  Acids  and  ammonia  act  upon  it  aa 
upon  the  sesquioxide. 


SALTS  OF  NICKEL. 


418  These  salts  are  derived  from  the  monoxide.  In  the  an^ 
hydrous  condition  they  are  usually  yellow-coloured,  whilst  in  the 
hydrated  state  and  combined  with  colourless  acids  they  possess 
an  apple-green  to  an  emerald-green  colour.  The  soluble  normal 
salts  have  a  slightly  acid  reaction  aud  a  sweetish  astringent 
metallic  taste  and  act  as  emetics. 

Nickel  Chloride,  NiCly  Finely-divided  nickel  bums  with  a 
bright  light  when  it  is  slightly  heated  in  dry  chlorine  gas,  form- 
ing yellow  scales  resembling  Mosaic  gold.  If  a  solution  of  the 
oxide  or  carbonate  in  hydrochloric  acid  be  evaporated  to  dryness 
the  anhydrous  chloride  is  obtained  as  a  yellow  eaithy  mass 
which  readily  dissolves  in  water  with  evolution  of  heat  On 
gently  heating  for  some  time  in  the  air  it  evolves  chlorine  leaving 
a  residue  of  the  oxide.  In  absence  of  air,  on  the  other  hand, 
it  can  be  sublimed,  and  is  then  obtained  in  golden  scales  which 
when  boiled  for  some  time  with  caustic  potash  are  completely 
decomposed  iuto  the  hydroxide.  Tliey  become  gradually  coloured 
green  on  exposure  to  the  air  owing  to  the  absorption  of  moisture, 
and  then  are  easily  soluble  in  water.  The  salt  NiCl^  +  6HjO 
is  obtained  in  short  six-sided  prisms  on  concentrating  the  solu- 
tion ;  these  are  easily  soluble  in  water  and  in  alcohoL  The 
,  anhydrous  cldoride  of  nickel  absorbs  ammonia  at  the  ordinary 
temperature,  swelling  up  to  a  white  powder,  possessing  a  slightly 
violet  tinge,  aud  having  the  composition  NiCljCNHj.  The  same 
compoimd  is  obtained  in  blue  octohedrons  by  dissolving  the 
chloride  in  ammonia  and  allowing  the  solution  to  cooL  This 
salt  readily  evolves  ammonia  when  exposed  to  the  air.  It  is 
easily  soluble  in  wat«r,  but  less  so  in  strong  nlcohoL 

Nickel  Broviide,  NiBrj.  Finely-divided  nickel  absorbs  bromine 
vapour  when  heated  in  it,  becoming  incandescent.  In  absence 
of  air,  the  bromide  sublimes  in  golden  scales  which  deliquesce  on 
exposure.     The  solution,  which  is  also  obtained  by  bringing  the 


I 
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metal  in  contact  with  bromine  and  water,  gives  on  evaporation 
deliquescent  needles  of  NiBr^  +  3HjO. 

Nickd  Iixiidc,  Nilj.  If  nickel  powder  reduced  in  Itydrogen 
be  heated  with  iodine,  or  if  the  hydroxide  be  dissolved  in  hy- 
driodic  acid,  the  solution  evaporated  to  dryness  in  absence  of 
air,  and  the  solid  heated,  nickel  iodidu  sublimes  in  irou-black 
scales.  The  solution  when  evaporated  to  a  syrup  deposits 
blnish-green  very  deliquescent  prisms  having  the  composition 
Nilj  +  6HjO. 

Nickel  Fluoride,  NiFj,  is  obtained  by  dissolving  the  hydroxide 
or  carbonate  in  hydrotluoric  acid,  and  evaporating,  when  blue- 
green  crystals  of  NiFj  +  3HjO  separate.  Tliese  are  decomjwsed 
by  boiling  water  with  formation  of  an  insoluble  pale  green 
oxyfluoride, 

Nichd  Sulphnff,  NiSO^.  Tliis  salt  was  first  obtained  in  the 
pure  and  crystalline  condition  in  1775  by  Bei-gman.  In  order 
to  prepare  it,  nickel  or  its  hydroxide  or  carbonate  is  dissolved  in 
dilute  sulphuric  acid.  When  the  solution  contains  an  excess  of 
acid  and  at  the  ordinary  temperature,  the  salt,  NiSO^  +  6HjO, 
separates  in  hard  bluish-green  quadratic  pyramids.  At  a 
temperature  of  from  50°  to  70''  green  monoclinic  crystals  of  the 
same  composition  separate  out  and  these  become  bluish  and 
opaque  when  allowed  to  stand  at  the  ordinary  temperature. 
When  the  salt  crj-stallises  from  aqueous  solution  at  from  15°  to 
20°,  green  rhombic  prisms  isomorplimis  with  magnesium  sul- 
phate, and  having  the  composition  NiSO^  +  7HjO,  are  deposited. 
This  salt  is  also  known  as  nickel  vitriol,  or  morennsite,  occurring 
in  acicular  crystals,  and  also  as  a  libnHis  efflorescence  on  certain 
nickel  ores.  Crystallised  sulphate  of  nickel  wlien  heated  to 
100°  leaves  the  salt  NiSO^  +  Hj,0  as  a  powder,  and  tliis  loses 


the  whole  of  its  water  above  280° 
dissolve  (Tobler) : 


One  Imndred  parts  of  water 


At 
NiSO« 


2* 

30-4 


16° 

37-4 


23- 

410 


41* 

49-1 


52  0     57-2 


70° 
619  parts. 


The  anhydrous  sulphate  absorbs  ammonia  becoming  strongly 
heated  and  increasing  in  bulk,  forming  a  violet-white  powder 
ha\'ing  the  composition  (NiSOJGNlIj.  On  dissolving  the 
sulphate  in  strong  ammonia  and  cooling,  or  allowing  it  to 
evaporate  over  sulphuric  acid,  transparent  dark-blue  quadratic 
prisms  crystallise  out  having  the  composition  (Ni.S0J4NH3 
+  2H,0. 


iBa 
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Ammonium  Nickel  Sulpfude,  (NB^\SO^  +  NiSO^  +  GHjO.  This 
salt  is  employed  in  the  process  of  uickel-platiug.  It  is  obtained  by 
dissolving  nickel,  free  from  iron  and  copper,  in  dilut-  '    vie 


acid,  and  adding  ammoaium  sulphate  to  the  concet 


•..:id 


solution.  The  crystalline  paste  which  is  deposited  is  washed 
•with  cold  water  and  purified  byrecrystallisation.  It  crystaUises 
in  short  monoclinic  prisms.  One  hundred  parts  of  water  <^^ 
solve  (Link) : 


At 


S'S"   16°    20°    80°      40»       50*      08°      85° 


(NHJjSO^  +  NiSO,  1-8  58  5-9  8-3  11-5  14-4  188  286  parts. 

The  salt  is  almost  insoluble  in  an  acidified  solution  of  ammo- 
nium sulpiiate  (Thomson). 

Nickel  Nitrate,  Ni(N08),  4  6H,0,  crystallises  in  green  mono- 
clinic  tables  which  dissolve  in  two  parts  of  cold  water,  and 
effloresce  on  exposure  to  dry  air,  deliquescing  however  in  nioist 
air,  and  being  soluble  in  alcohol. 

Nickel  Nitrite,  Ni(NOg)j,  is  obtained  in  solution  by  the  de- 
composition of  the  sulphate  with  barium  nitrite.  It  is  a  very 
mistable  compound  forming  with  potassium  nitrite  the  easily 
soluble  double  salt  4KN0j  +  Ni(NOj)g.'  This  is  obtained  in 
brownish-red  octohedrons  by  mixing  a  concentrated  solution  of 
the  nitrite  with  an  excess  of  potassium  nitrite.  When  potas- 
sium nitrite  is  added  to  a  nickel  solution  containing  a  calciam 
salt,  a  yellow  crystalling  precipitate  of  2KN0j  +  Ca(NOj),  -♦- 
Ni(NOj),  is  formed,  which  possesses  great  similarity  to  potas- 
sium cobaltic  nitrite  (see  p.  1.34)  and  if  a  solution  contain  a 
sufficient  quantity  of  calcium  together  with  nickel  and  cobdt. 
the  whole  of  the  nickel,  as  well  as  the  cobalt,  may  be  thrown 
down  by  potassinm  nitrite.  This  fact  must  be  remembered  in 
the  separation  of  the  two  metals.  ' 

The  Phonpliatcs  of  Nickel  are  insoluble  in  water,  and  more  or 
less  soluble  in  the  mineral  acids.  The  arsenatet  possess  similar 
properties,  and  some  of  them  occur  in  the  mineral  kingvlom. 

The  Nickel  Silieates  also  occur  in  nature.  Rewdanskite  is  tlie 
most  important,  This  mineral  occurs  at  Rewdansk  in  the  Urals, 
and  is  worked  for  nickel.  It  is  an  earthy  mineral  which  chiefly 
consists  of  (NiFeMg)jSijOj  +  2UoO,  and  contains  about  18  per 
cent  of  nickel.  Noumaeite  2(NiMg)5SiO„  +  2HjO  has  lately 
been  found  in  New  Caledonia,  and  is  now  largely  worked  np  for  ' 
nickel  in  France.    It  contains  24  per  cent,  of  nickel  ( Livenidgc). 

Nickel  CarhoTutte,  KiCOj,  is  obtained,  in  the  form  of  pale-green 
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microscopic  rhombohedrons,  by  heating  nickel  chloride  solution 
with  calciiun  carbonate  to  150°.  When  a  nickel  nitrate  solu- 
tion is  mixed  with  solution  of  sodium  bicarbonate  saturated 
with  carbon  dioxide,  and  this  allowed  to  stand  at  a  low  winter 
temperature,  microscopic  monoclinic  crystals  of  NiCOg  +  6HjO 
are  formed,  and  these  lose  thoir  water  readily  on  warming.  Wlien 
a  nickel  solution  is  precipitated  with  an  alkaline  carbonate,  basic 
salts  of  varying  composition  are  thrown  down  in  the  form  of 
pale  green  precipitates. 

Nidd  Cyanuk,  Ni(CN)2,  is  an  apple-green  precipitate  easily 
soluble  in  an  excess  of  potassium  cyanide  with  formation  of  the 
crystalline  double  salt,  K\{(Z^\  +  2KCN.  This  is  again  de- 
composed by  dilute  acids  with  separation  of  nickel  cyanide. 


NICKEL  AND  SULPHUR. 

419  Nickel  Monosulphidt,  NiS,  occurs  as  millerite,  being  occa- 
sionally found  in  brass-yellow  rhombohedrons,  but  more  com- 
Iiuonly  in  capillary  crystals.  When  niijkel  and  sulpliurare  heated 
together  above  the  melting-point  of  the  latter,  this  same  com- 
pound is  formed  with  incandescence  as  a  bronze-yellow  brittle 
mass  which  is  not  soluble  in  hydrochloric  or  sulphuric  acid,  but 
dissolves  in  nitric  acid  and  aqua-regisi,  Tlic  hydrated  sulphide  is 
precipitated  when  ammonium  snlpliide  is  added  to  a  nickel  salt 
This  is  diflicultly  soluble  in  hydrocldoric  acid,  but  slightly  soluble 
with  a  brownish  colour  in  ammonia,  a.s  well  as  in  sulphide  of  am- 
monium and  other  alkaline  sulpliides,  and  is  reprecipitnted  from 
^tliese  solutions  on  exposure  to  the  air,  or  on  addition  of  acetic 
Hacid.  In  the  moist  state  it  oxidises  slowly  on  exposure  to  the  air. 
When  a  solution  of  a  nickel  salt  is  heated  with  sodium  thio- 

■  sulphate,  the  monosulphide  is  obtained  in  the  form  of  a  dense 
"black  precipitate  which  does  not  undergo  alteration  on  exposure 
to  the  air,  and  which  is  not  acted  upon  by  boiling  hydrochloric 
acid. 

Lirmaeite,  (NiCoFe)5S4,  forms  pale  steel-grey  crystals  be- 
longing to  the  regular  syst«m,  and  also  occurs  in  the  massive 
state.  It  is  an  important  nickel  ore  occurring  at  various  places  in 
considerable  masses,  especially  in  the  mine  of  La  Motte  in  Mis- 
BoutL  The  ore  there  contains,  according  to  Genth,  about  30  per 
cent,  of  nickel. 
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Nickel  Digulphide,  NiS,,  is  obtained  as  an  impalpable  iron- 
grey  powder  by  strongly  heating  a  mixture  of  nickel  carbonate, 
potassium  carbonate,  and  sulphur,  the  residue  being  lixiviated 
with  water. 


NICKEL  AND  PHOSPHORUS. 

420  I^osphorus  and  nickel  combine  when  heated  together  to 
form  the  compound  PNig  which  also  is  obtained  when  nickel 
is  fused  together  with  phosphoric  acid  and  charcoal  powder.  It 
is  a  silver-white,  brittle,  crystalline,  non-magnetic  mass  which 
melts  more  readily  than  nickel  If  the  vapour  of  phosphorus 
be  passed  over  red-hot  nickel  the  compound  PjNij  is  obtained  as 
a  whitish-grey  crystalline  mass.  Neither  of  these  phosphides 
dissolve  in  hydrochloric  acid,  but  they  are  readily  soluble  in  nitric 
acid.  If  a  solution  of  nickel  chloride  be  added  to  a  boiling 
solution  of  potash  containing  phosphorus,  some  tartaric  acid 
being  present  in  order  to  prevent  the  precipitation  of  the 
hydroxide,  a  black  precipitate  of  Ni^Pj  is  thrown  down.  This 
is  slowly  decomposed  by  hydrochloric  acid,  and  readily  by  nitric 
acid  (R.  Schenk). 


NICKEL  AND  ARSENIC. 

421  These  two  elements  readUy  fuse  together  to  form  brittle 
alloys,  of  which  some  occur  as  minerals.  Of  these  the  most  im- 
portant is  kupfer-nickel  or  nickeline,  NiAs,  which  is  found 
massive  and  also,  although  less  frequently,  crystallised  in  hexa- 
gonal pyramids.  It  has  a  light  copper-red  colour,  and  is  an 
important  ore  of  nickel,  being  found  in  various  localities  in 
Europe  and  America.  Chloanthite,  (NiCoFe)A8j,  is  another 
nickel  araenide  occurring  together  with  the  preceding. 

Detection  and  Estimation  of  Nickel. 

422  Nickel  is  separated  from  other  metals  in  the  same  way  as 
cobalt.  If  both  these  metals  be  present,  the  detection  as  well 
as  the  separation  is  effected  by  the  different  reactions  of  their 
cyanides.  For  this  purpose  the  sulphides  are  dissolved  in  a 
small  quantity  of  aqua-regia,  the  solution  neutralised  with 
caustic  soda,  an  excess  of  potassium  cyanide  added,  and   the 


liqiiid  boiled  for  a  few  minutes  in  order  to  form  potassium  cobalti- 
cyanida  It  is  then  slightly  acidified  with  hydrochloric  acid.  If 
the  liquid  remain  clear  cobalt  only  is  present.  If,  on  the  other 
hand,  a  precipitate  forms  and  only  nickel  is  present,  this  consists 
of  pure  nickel  cyanide.  If  both  metals  be  present  the  precipitate 
may  consist  of  either  nickel  cobalti-cyanide  or  of  a  mixture  of 
this  with  nickel  cyanide,  according  to  the  relative  quantities 
of  the  two  metals  present  In  the  latter  case  nickel  ayd  cobalt 
are  completely  precijiitatecL 

If  the  solution  coutaining  potassium  nickel  cyanide  and  potas- 
sium cobalti-cyanide  be  mixed  with  caustic  soda  and  treated  with 
chlorine  in  the  cold,  the  nickel  is  precipitated  alone  as  the  black 

€roxide.  This  also  takes  place  when  sodium  hypoclilorite  is 
ded  to  the  alkaline  liquid.*  If  the  solution  of  the  cyanide  be 
iled  with  freshly  precipitated  mercuric  o.xide  all  the  nickel  is 
thrown  down  as  cyanide  and  hydroxide.  The  precipitate  when 
washed  leaves  after  ignition  pure  oxide  of  nickel.     The  filtrate 

Imay  be  ne«.tra!ised  by  nitric  acid  and  mercurous  nitrate  added 
when  mercurous  cobalti-cyanide  is  precipitated,  and  this  when 
ignited  is  converted  into  the  oxide 
reduced  in  hydrogen  and  weighed  as  the  metal 

Another  separation  of  nickel  from  cobalt  depends  upon  the 
precipitation  of  potassium  cobalt  nitrite  (see  page  134).  This  is 
dried  at  10U°  and  weighed,  and  the  nickel  in  the  filtrate  is  pre- 
cipitated by  caustic  potasli,  the  precipitate  boiled,  well  washed, 
and  converted  by  ignition  into  the  monoxide. 
_  The  nickel  compounds  give  no  flame-spectrum,  but  the  chloride 
P^ields  a  characteristic  spark-spectrum  containing  a  number  of 
fine  lines,  of  which  the  following  are  the  most  important : 


COjO^,  which  may  then  be 


5476 


/9  5081 


4715. 


The  spark-spectrum  of  the  metal  also  contains  many  lines  of 
which  the  brightest  are : 

In  the  orange 58920 

f  4872-9 

In  the  green-blue J  48653 

14854-7 

The  atomic  weight  of  nickel  has  been  often  determined  but 
|not  with  very  satisfactory  results,  the  numbers  varying  between 

'  Liebig,  Ann.  Chcm.  Pharm.  Ixxxvii.  128. 
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58  and  59.    Bussell'  in  a  series  of  vrell-agreeing  ex'penmex^ 
obtained   the  number  5859,  by  reducing  the  strongly  igni*^ 
monoxide,   whilst    by  measuring    the    amount    of   hydro^^* 
evolved  on  dissolving  the  pure  metal  he   got   the   numt::^^ 
58'56.*    On  the    other  hand,  Schneider'    by  analysing   t—-^J 
oxalate  found  the  numbers  57'90,  and  Dumas  *  by  the  analy^^^ 
of  the  chloride  obtained  an  atomic  weight  of  58*87. 

*  Jaum.  Chem.  Soe.  [2],  i.  68.  »  Joum.  Chem.  Soe.  [2],  tu.  292. 

*  Pogg.  Atm.  a.  SSf.  *  Ann.  C%Mt.  J%y(.  [S],  Ir.  139. 


METALS  OF  THE  CHROMIUM  GROUP. 


ChTomium. 

Molybdenum. 


Tungsten. 
Uranium. 


423  The  metals  of  this  group  form  trioxides,  which  are  acid- 
forming  o.\ides  and  yield  very  characteristic  salts.  Chromium 
is  the  connecting  link  with  the  preceding  group,  inasmuch  as 
its  lower  oxide  closely  resembles  that  of  iron. 


CHROMIUM,  Cr  =  524. 

In  1762  I.«hmann  in  a  letter  to  Buffon  "  de  nova  minerse  plumbi 

specie  crystalline  rubra  "  described  a  new  mineral  from  Siberia, 

now  termed    crocoisite  or    lead   chromate.      Vauquelin    and 

Macquart  investigated  the  composition  of  this  mineral  in  1789 

Jand  came  to  the  conclusion  that  it  contains  lead,  iron,  alumina, 

|ftnd  a  large  quantity  of  oxygen.    However,  when  the  former 

chemist  re-investigated  the  subject  in  1797,  lie  found  that  the 

lead   present  was  combined  with   a  peculiar  acid  which  he 

cognised  as  the  oxide  of  a  new  metal    To  this  the  name 

lof  chromium  was  given  because  all  its  compounds  are  coloured 

hfrom  'xpwfia,  colour).      The  discovery  of   this  new  metal   in 

■crocoisite    was  also  made  simultaneously  and  independently 

by  KlaprotL 

Cliromium  is  not  a  very  common  substance  and  it  does  not 
occur  in  the  free  state.  It  is  found  in  several  other  minerals 
besides  crocoisite  or  lead  chromate,  PbCrO^,  especially  as  chrome- 
iron-stone  or  chromite,  FeO.CrjOj,  a  mineral  which  is  the  chief 
ore  of  chromium  and  is  the  one  usually  employed  for  the  manu- 
facture of  the  chromium  compounds.  Chromiimi  also  forms 
the  colouring  matter  of  several  minerals ;  thus  the  green  colour 
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of  emerald,  aa  was  shown  by  Vauquelin,  is  due  to  chromium  ; 
whilst  serpentine,  penniuite,  chromic  mica  or  fuchsite,  and  other 
minerals  owe  their  colour  to  the  same  metal 

424  Metallic  chromium  is  obtained  by  the  reduction  of  the 
oxide  or  chloride.  For  this  purpose  a  mixture  of  chromic  oxide 
and  sugar  is  intensely  heated  in  a  lime  crucible  (Deville) '  ;  or 
chromium  sesquichloride  is  heated  with  metallic  zinc  under  a 
layer  of  sodium  chloride,  and  the  zinc-regulus  treated  with 
nitric  acid,  when  metallic  chromium  remains  as  a  grey  powder 
(Wohler).^  Chromium  can  also  be  prepared  by  the  electrolysis  of 
a  solution  of  chromous  chloride  containing  chromic  chloride,  when 
the  metal  separates  out  in  brittle  glistening  scales.^  If  chromic 
chloride  be  heated  in  contact  with  the  vapour  of  sodium  in  a  cur- 
rent of  hydrogen  the  metal  is  obtained  in  the  form  of  hard  crystal- 
line scales*;  whilst  when  chromium  amalgam  is  heated  in  an 
atmosphere  of  rock-oil  the  metal  remains  behind  in  the  pul- 
verulent form.  The  metallic  regulus  obtained  by  fusing  the 
double  chloride  of  chromium  and  potassium  with  zinc,  leaves  a 
residue  of  crystalline  chromium  when  it  is  treated  with  nitric 
acid." 

Cliromium  forms  a  light-green  glistening  ciystalline  powder 
exhibiting,  uuder  the  microscope,  aggregations  of  crystals  of  a 
tin-white  colour  and  having  a  specific  gravity  of  6'81  according 
to  Wohler,  or  of  7"3  according  to  Bunsen.  Tlie  fused  metal, 
obtained  by  DeviUe's  method  is  as  hard  as  corundum,  melts  more 
difficultly  than  platinum,  is  not  magnetic,  and  when  ignited  in 
the  air  or  hydrogen  is  only  slowly  oxidised.  Heated  in  the  oxy- 
hydrogen  flame  it  burns  brightly  with  emission  of  sparks,  and 
when  fused  together  with  saltpetre  or  potassium  chlorate  it  is 
converted  into  potassium  chromate.  It  readily  combines  with 
chlorine  and  dissolves  quickly  in  hydrochloric  acid.  Cold  dilute 
sulphuric  acid  only  attacks  it  slowly,  but,  on  warming,  it  dissolves 
with  evolution  of  hydrogen.  Nitric  acid,  even  when  hot  and 
concentrated,  is  without  action  upon  it  (Wohler). 

Chromiiwi  Steel.  The  presence  of  from  05  to  075  per  cent, 
of  chromium  in  steel  renders  it  harder  than  the  carbon  is  able  to 
do  alone,  and  the  chrome  steel  thus  obtained  is  of  excellent 
quality,  but  is  troublesome  in  manipulation  on  account  of  its 
requiring  to  be  worked  at  rather  a  low  heat. 


'  Cimpta  Jiendut,  xlir.  678. 

'  Bnnwn,  PiKtq.  Ann.  xni.  619. 

*  Vincent,  Phil.  Mag.  [4],  xxir.  328. 


»  Ann.  Ctum.  F/utrm.  cx\.  230. 

*  Kremy,  Compt.  Jiend.  xliv.  632. 

•  Zettnow,  /lojiy.  Ann.  cxliii.  477. 
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CHROMIUM  AND  OXYGEN. 

435  Chromium  forma  two  basic  oxides,  corresponding  to  those 
of  iron,  and  one  acid-forming  oxide  : 

Chromium  monoxide,  or  chromous  oxide     .     .     .     CrO. 
Chromium  sesquioxide,  or  chromic  oxide     .     .     .     CtJU^. 
Chromium  trioxide CrOj. 

These  oxides,  which  are  also  capable  of  forming  compounds 
with  one  another,  will  be  described  under  their  corresponding 
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436  Chromium  Monoxide,  CrO,  is  not  known  in  the  anhydrous 
state.  Chromous  hydroxide,  Cr(OH)j,  is  obtained  by  adding 
caustic  potash  to  a  solution  of  chromous  chloride.^  It  is  a 
brownish-yellow  precipitate  readily  oxidised  witli  evolution 
of  hydrogen,  and  possessing  a  dark-brown  colour  when  dried 
in  absence  of  air.  On  heating,  it  first  gives  off  water,  and  is 
then  converted  with  ignition  and  evolution  of  hydrogen  into 
the  chromic  o.xide : 

2Cr(0H)j  =  Cr^jOj  -I-  H^O  +  H,. 

Chromous  Chloride,  CrCl,,  is  formed  when  the  metal  is  dis- 
solved in  aqueous  hydrochloric  acid  or  heated  in  a  current  of 
hydrochloric  acid  gas.  It  is  easily  obtained  by  the  gentle 
ignition  of  the  sesquichloride  in  a  current  of  dry  perfectly  pure 
hydrogen.  It  forma  white  silky  lustrous  needles  which  dissolve 
in  water  with  evolution  of  beat  yielding  a  blue-coloured  solu- 
tion. This  rapidly  absorbs  oxygen  from  tlie  air  and  acts  as  a 
powerful  reducing  agent,  and  like  solutions  of  the  otlier  chromous 
salts,  rapidly  absorbs  nitric  oxide,  becoming  of  a  brown  colour. 

Chromous  Bromide,  CrBr^,  is  obtained  by  gently  heating 
chromic  bromide  in  liydrogon  gas  ;  it  is  a  white  crystalline  mass 
yielding  a  green  basic  chromic  bromide  on  exposure  to  the  air. 

Chromoics  Sidjiliatc,  CrSO^,  is  only  known  in  solution,  and  is 
prepared  by  dissolving  the  metal  in  dilute  sulphuric  acid.    This 
>  Ordway  Sill,  Am,  Jauni,  [2]  xxri.  197. 
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ammoiiiacal  solution  absorbs  oxygen,  nitric  oxide,  and  acetylene. 
If  potassium  sulphate  be  dissolved  in  a  cold  saturated  solution 
of  the  chloride,  and  then  alcohol  added  until  a  precipitate  begins 
to  form,  the  mass  being  allowed  to  stand  for  some  weeks  in 
absence  of  air,  tine  blue  rhombic  prisms,  having  the  composition 
K2SO4  +  CrSO^  +  GHjO,  are  deposited,  and  these  soon  become 
green  on  exposure  to  the  air  from  absorption  of  oxygea 

Chromons  Phosphate,  Crj(rO^)j,  is  &  blue  precipitate  assui 
a  green  colour  on  exposure  to  air. 

Chromous  Curbo-natc,  CrCOjp  is  obtained  by  precipitating  the 
chloride  with  potassium  carbonate.  A  yellow  to  greenish-blue 
precipitate  is  obtained  in  the  cold,  and  this  assumes  a  reddish- 
brown  colour  on  warming. 

CJiromous  CyanicU,  Cr(CN)j,  is  a  white  precipitate  insoluble  in 
potassium  cyanide,  changing  to  a  dirty  green  on  exposure  to 
air. 

Of  the  other  chromous  salts  the  Acetate,  Qr{C^ljd^^  +  H,0, 
may  be  mentioned.  This  crystallises  in  red  rhombic  prisms  and 
absorbs  oxygen  so  rapidly  that  ignition  often  takes  place. 

The   chromous   salta,  like   the   ferrous   salts,   absorb 
quantities  of  nitric  oxide  and  then  become  brown. 


CHROMIC  COMPOUNDS. 

447  Chromic  Oxide,  or  Chromium  Sesquioxide,  CrjO,,  occurs  in 
the  impure  state  mixed  with  clay  as  chrome-ochre  or  wolchonarj 
koite,  and  is  one  of  the  constituents  of  chrome-iron  ore. 

It  is  obtained  artificially  as  a  dull  green  amorphous  powder 
by  Igniting  the  hydroxide,  or  by  heating  a  mixture  of  pot 
slum  dichromate  with  sulphur  or  sal-ammoniac  and  lixivi4 
ating  the  residue.  The  colour  of  the  oxide  prepared  by  gently 
igniting  mercurous  chromate,  HgjCrO^  in  a  covered  crucible 
is  a  very  fine  green.  It  melts  at  the  temperature  of  the  oxy- 
hydrogen  blowpipe,  solidifying  to  a  crystalline  almost  black  me 
Chromic  oxide  is  also  obtained  in  the  crystalline  state  by  fusing 
the  amorphous  substance  with  calcium  carbonate  and  boron  tri- 
oxide,  or  by  ignition  in  a  stream  of  oxygen.  Wohler's'  method  of 
preparing  crystalline  chromic  oxide  consists  in  passing  the  vapou 
of  chromyl  chloride,  CrOjCl,,  through  a  red-hot  tube,  vrhfl 
chromic  oxide  is  deposited  in  dark-green,  lustrous,  very 
•  Ann.  Chcm.  Pharm.  Ix.  201 


hexagonal  crystals  which  have  a  specific  gravity  of  6-21. 
Another  method  consists  in  heating  potassium  dichromato 
either  alone,  or  mixed  with  common  salt ;  the  ignited  mass  is 
dissolved  in  water,  when  chromic  oxide  remains  in  bright 
Bdescent  spangles  which  have  a  specific  gravity  of  501.* 

The  strongly  ignited  oxide  is  almost  insoluble  in  acids,  and  in 
order  to  bring  it  into  solution  it  must  either  be  heated  for  a 
length  of  time  with  strong  sulphuric  acid  or  fused  with  acid 
potassium  sulphate.  Ciiromic  oxide  is  used  in  the  preparation 
of  coloured  glass,  enamels,  and  porcelain,  impai-ting  to  tlium  a  fine 
greea  tint*  It  is  also  used  in  ordinary  painting,  forming  one  of 
the  most  permanent  greens,  known  as  chrome-green. 

Chromic  Hifdroxides.  When  ammonia  is  added  to  the  solution 
of  a  chromic  salt  qtiite  free  from  alkali,  a  pale  blue  precipitate 
is  obtained,  and  this  when  dried  over  sulphuric  acid  has  the 
composition  Crj(0ll)5-t  4HjO.^  Tln'ee  molecules  of  water  are 
given  off  in  a  vacuum,  and  when  this  is  heated  to  200"  in  a 
Mircnti  of  hydrogen,  the  hydroxide  Crj02{0H)j  is  formed ; 
|kich  begins  to  glow  strongly  at  a  red-heat  and  passes  into 
chromic  oxide.  Tlie  hydroxides  are  soluble  in  acids  but  dissolve 
|Bth  difficulty. 

^Guujntt's  Green,  CrgO(OH)^  is  obtained  by  fusing  together 
Hual  molecules  of  bichromate  of  potash  and  crystallised  boric 
TOd,  and  li.\iviating  tlie  fused  mass  with  water.  Tlie  residue 
after  giinding  is  a  fine  green  powder  now  largely  used  as  a 
pigment. 

^Soluhh  CliromimnlTifdroxido.  Freshly  precipitated  ami  washed 
premium  hydroxide  dissolves  in  chromic  cldoride,  and  on 
dialysing  tliis  solution  Graliam  obtained  a  liquid  which  to  one 
molecule  of  hydrochloric  acid  contained  'i'i  molecides  of  Cr^O^* 
The  deep  dark  green  sohitiou  does  not  undergo  alteration  on 
boiling  or  on  dilution  with  water,  but  it  at  once  coagulates  on 
^dition  of  tlie  smallest  quantity  of  a  salt. 
^Ammmiiacal  Chromic  Salts.  It  was  formerly  believed  that  a 
TJolet  modification  of  chromium  hydroxide   existed  soluble  in 

Iimonia.     Tlii.s,  however,  is  now  ascertained  to  be  a  compound 
the  hydroxide  with  an  ammonium  salt  possessing  a  constitu- 
91  apparently  similar  to  the  cobaltamine  salts. 
If  the  pure  hydroxide  be  digested  for  some  time  with  con- 
centrated ammonia  a  dark  blue  powder  of  Cr202(ONH4)j  ia 

'  Scliroder,  Pnfg.  y4n».  cvi,  226 ;  cvii.  113. 
•■  Onlway,  SM.  Am.  Joum.  [2]xxvi.  197.  »  PKil.  Tmiu.  1861.  1S3. 
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formed.^  This  dissolves  in  hydrochloric  acid  'with  a  ruby-red 
colour,  and  from  this  solution  roseo-ehromic  chloride,  CrjClj(NTl3)g 
+  2H2O,  is  deposited  in  rhombic  prisms.*  This  combines  with 
more  ammonia  to  form  a  compound  soluble  m  water  with  a  violet 
colour  and  precipitated  by  alcohol  as  a  fine  violet  powder. 
Neither  ammonia,  chromium,  nor  chlorine  can  be  detected  in 
this  solution  by  the  usual  reagents,  but  if  it  be  boiled,  chromium 
hydroxide  separates  out  and  then  these  bodies  can  be  detected 
by  the  ordinary  tests. 

Chromites.  Like  alumina  chromic  oxide  is  a  weak  base  though 
it  acts  towards  strong  bases  as  an  acid-forming  oxide.  Thus  a 
green  compound  of  chromic  oxide  with  an  alkali  is  thrown  down 
on  the  addition  of  potash  or  soda  to  a  solution  of  a  chromic  salt, 
and  the  alkali  cannot  be  removed  even  by  boiling  water.  This  pre- 
cipitate is,  however,  easily  soluble  in  an  excess  of  the  precipitant, 
but  can  be  again  thrown  down  either  by  partial  neutralisation 
with  acids  or  by  boiling  the  solution.  When  caustic  soda  is 
added  to  a  solution  of  a  chromium  salt  and  -a  salt  of  magnesium, 
a  precipitate  is  obtained  of  a  compound  of  magnesia  and  chromic 
oxide  which  does  not  dissolve  in  an  excess  of  alkali. 

Zinc  C'hromite,  ZnCrjO^,  is  obtained  by  fusing  the  two  oxides 
with  boron  trioxide  at  a  white-heat,  when  blackish-green 
octohedrous  having  a  specific  gravity  of  5'309  are  obtained. 

Manganese  Chromite,  MnCrjO^,  is  obtained  in  a  similar  way, 
and  forms  ver}'hard  iron-grey  octohedrous,  wliich  have  a  specific 
gravity  of  487. 

Fcrroxis  Chromite,  FeCr^O^.  This  occurs  in  nature  as  chromite 
or  chrome-iron-ore.  It  is  rarely  found  crystallised  in  regular 
octohedrous,  generally  occurring  massive,  with  a  granular  crys- 
talline fracture.  Alumina  and  magnesia  occur  frequently  as 
isomorphous  constituents,  and  in  some  cases  chromite  contains 
more  iron  than  corresponds  to  the  above  formula,  the  compo- 
sition approximating  to  FcjCrjOg  +  FcjCr^Og.'  Chrome-iron 
ore  is  found  in  the  Shetland  Islands,  Norway,  the  United 
States,  Hungaiy,  Greece,  Asia  Minor,  in  the  Urals,  and  in  New 
Caledonia. 

Chroinoso-Chromic  Oxide  was  obtained  by  Bunsen  in  the 
process  of  the  preparation  of  the  metal  by  the  electrolysis  of  a 
solution  of  chromous  chloride  containing  chromic  chloride  by 

'  Siewert  Zeitsch.  gcs.  KaturwissenacK.  xviii.  244. 

°  Cleve,  Joum.  pr.  Chem.  Ixxxri.  47. 

'  Christomaiios,  £er.  Deutsch.  Chem.  Ota.  z.  84S. 
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means  of  a  current  of  low  intensity.  It  forms  a  black  powder 
insoluble  in  any  acid,  the  composition  of  which  is  not  constant, 
but  vaiies  between  Cr^O^  and  CfjO^, 


CHROMIC  SALTS. 


438  The  normal  chromic  salts  have  a  blue  or  violet  colour,  and 
allow  red  rays  to  piiss  through  their  solutions.  Tlieir  cold  solu- 
tions possess  a  violet  colour,  which  becomes  green  on  heating, 
but  returns  to  the  original  colour  after  a  time  on  cooling.  Only 
the  violet  solutions  yield  ciystalliuo  salts,  the  green  sohitious 
depositing  an  amorphous  green  mass  on  evaporation.  It  was 
formerly  supposed  that  two  modifications  of  the  chromic  salts 
existed.  According  to  recent  investigations,  however,  the  green 
solutions  do  not  contain  normal  salts,  but  are  mixtures  of  basic 
and  acid  ones.'  The  soluble  chromic  salts  have  an  unpleasant 
etj'ptic  taste. 

Chromic  CMoride,  Cr^Clg,  is  obtained  by  heating  an  intimate 
Uiixture  of  chromic  o.xide  and  carbon  in  a  stream  of  dry  clilorine 
It  forms  fine  peach-blossom  coloured  scales,  which  have  a  spe- 
cific gravity  of  'iO'i,  and  may  be  sublimed  at  a  high  temperature 
in  an  atmosphere  of  chlorine.  When  heated  in  the  air  they 
give  off  chlorine,  and  are  converted  into  the  oxide.  Chromic 
chloride  is  almost  insoluble  in  cold  water,  but  when  treated  in 
the  finely  divided  state  for  some  time  with  boiling  water  it 
gradually  dissolves.  On  the  otlier  hand,  it  is  readily  soluble 
in  presence  of  a  veiy  small  quantity  (less  than  0001  per  cent.) 
of  chromous  chloride,  cuprous  chloride,  or  stannous  chloride, 
yielding  a  green  liquid,  which  may  also  be  obtained  by  dissolving 
the  hydroxide  in  hydrochloric  acid.  On  slow  evaporation  green, 
freely  soluble  needles  of  Cr,Clj-|-  12HjO  separate.  These,  when 
heated  in  a  current  of  chlorine  or  hydrochloric  acid  to  2ij0',  lose 
their  water,  leaving  a  residue  of  peach-blossom  coloured  scales, 
which  are  easily  soluble  in  water,  and  which  sublime  at  a  high 
temperature,  and  are  converted  into  the  insoluble  chloride. 
This  is  unattacked  by  acids,  though  it  dissolves  in  alkalis  after 
long  boiling.  If,  however,  it  be  placed  on  tinfoil,  it  deliquesces, 
undergoing  a  partial  reduction.   When  the  solution  is  evaporated 

'  Kriigcr,  Pi^tg.  Anv.  \\x.  218;  Loewd,  Jaunt.  Praet,  Otem.  xixriL  38; 
Gicwrrt,  Ann,  Chtm.  riin-m,  exxTi.  .'''! 
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in  the  air,  hydrochloric  acid  escapes,  and  basic  chlorides  of 
varj-ing  composition  and  sohibility  are  left  behind,  whilst  on 
ignition  pure  chromic  oxide  remains. 

Chromic  Bromide,  CrjBrg,  is  prepared  in  a  similar  way  to  the 
chloride.  Tt  forms  black  semi-metallic  translucent  hexagonal 
scales,  having  an  olive-green  colour,  and  exhibits  in  one  direc- 
tion a  fine  red  dichroism.  In  its  properties  it  closely  resembles 
'  the  chloride,  and  dissolves  easily  in  water,  when  a  small  quan- 
tity of  chromous  bromide,  or  any  other  reducing  agent,  such  as 
tinfoil,  is  present.  It  is  obtained  in  solution  by  the  action  of 
hydrobromic  acid  on  the  hydroxide.  The  dark  green  liquid  on 
evaporation  deposits  green  crj'stals,  and  easily  decomposes,  with 
formation  of  basic  salts. 

No  iodide  of  chromium  is  known. 

Chromic  Fluoride,  Crjl^g,  is  obtained  by  dissolving  the  non- 
ignited  oxide  in  hydrofluoric  acid,  and  evaporating.  It  is  a  green 
crj'stalline  mass  wliich  melts  wlien  strongly  heated,  and  at  a 
high  temperature  sublimes  in  regular  octohcdrons  (Deville). 

Chromic  Sulphate,  QtJ^^O^^,  is  obtained  by  mixing  equal 
parts  of  concentrated  sulphuric  acid  and  chromium  hydroxide 
dried  at  100°.  The  mixture  is  allowed  to  stand  in  a  loosely- 
stoppered  bottle,  when  the  solution,  which,  to  begin  with,  is 
green,  becomes  blue,  and  in  souie  weeks  deposits  a  A-iolet- 
blue  crystalline  mass,  which  is  purified  by  solution  in  water 
and  precipitation  with  alcohol.  The  violet-blue  crystalline  pre- 
cipitate is  then  dissolved  in  weak  alcohol,  and  this  solution, 
after  some  time,  deposits  small  regular  octohedrons  of  CtJ^^O^^ 
■f-  15II„0.  When  the  solution  of  this  salt  is  boiled  or  the 
crystals  heated  to  100°,  a  green  suit  is  formed,  which  dis- 
solves easily  in  alcohol,  the  violet  salt  being  insoluble  in  this 
liquid.  Soluble  barium  salts  precipitate  all  the  sulphuric  acid 
from  the  violet  solution  in  the  cold,  whereas  the  green  salt  is 
only  completely  precipitated  after  long  boiling,  pointing  to  the 
fact  that  this  latter  is  a  mixture,  as  has  already  been  stated. 
When  either  the  green  or  violet  salt  is  heated  with  sulphuric  acid 
to  190°,  a  pale  yellow  mass  is  obtained,  wliich,  on  ignition,  leaves 
a  residue  of  the  red  anhydrous  normal  chromic  sulphate,  which  is 
insoluble  in  water,  and  only  dissolves  with  difficulty  in  acid.i. 
If  dilute  sulphuric  acid, be  saturated  with  freshly  precipitated 
hydroxide  a  green  solution  is  obtained,  and  this  on  evaporation 
leaves  an  amorphous  mass,  which  appears  red  by  transmitted 
light,  and  possesses  the   formula  CrjO(SO^)2.     On  boiling  this 
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solution  a  basic  salt.  2CijS0^(0H)«  +  Crj(0H)j+ 5HjO,  sepa- 
rates out  as  a  pale  green  precipitate. 

Chromic  sulphate  and  the  sulphates  of  the  alkali  metals  form 
double  salts,  corresponding  to  the  alums,  to  which  the  name  of 
ehrt^me-alums  is  given. 

429  PoiassLiim  Chromic  Sulphate  or  Chrome- Alum,  K^SO^  + 
Crj(S0,)3  +  24HjO.  This  substance  is  best  obtained  by  the 
reduction  of  a  solution  of  potassium  dichromate,  KjCrjO.,  by 
adding  the  requisite  quantity  of  sulphuric  acid,  and  passing 
sulphur  dioxide  through  the  solution  : 

KjCr^Oj  +  H,SO,  +  380,  =  K,SO,  +  Cr,(S0,)3  + 11,0. 

In  place  of  sulphur  dio-xide  any  other  easily  oxidisahle  substance, 
Buch  as  alcohol,  &c.,  may  be  employeil,  but  in  this  case  more 
sulphuric  acid  must  be  added.  Chrome-alum  is  now  obtained 
in  large  quantity  as  a  by-product  in  the  raauufacturc  of  arti- 
ficial alizarine  from  anthracene,  C,^H,j,  in  which  the  hydro- 
carbon   is    treated   with   a    mixture    of   sulphuric    acid    and 

tassium  dichi ornate  when  oxy-anthracene  Cj^IlgO^  is  formed, 
and  thia  is  then  subjected  to  further  treatment  The  salt  crystal- 
lises in  lai'ge  dark  purple-red,  almost  black,  octohodrons,  whicli, 
when  seen  by  transmitted  light,  exhibit  a  ruby-red  colour.  It 
dissolves  in  seven  parts  of  water  at  the  ordinary  temperature. 
The  solution  has  a  dingy  blue  colour,  with  a  tinge  of  red, 
which,  when  healed  to  70',  becomes  dark -green.  After  stand- 
ing for  several  mouths,  however,  it  returns  to  its  ordinaiy 
colour.  Clirome-aluia  is  used  in  dyeing  and  calico-printing, 
as  well  as  in  tanning. 

If  chromium  oxide  or  sulphate  be  fused  for  some  hours  with 
,potassinni  disulphate,  green  microscopic  needles  of  Cr2(SOj3  + 
SKjSO^  are  formed.  The  salt  Crj(S0j)3  +  SNa^SO^  is  prepared 
by  a  process  similar  to  the  corresponding  potassium  compound, 
and  cannot  be  obtained  in  well  developed  crystals. 

Ammonuim  Chromic  Sulphate,  (NH^'ljSO^  f  Cr2(SO^)3  -f  2-iHjO, 
is  obtained  by  crystallising  a  mixture  of  the  two  salts,  or  by 
reducing  the  ammonium  dichromate.  Tlie  salt  is  less  soluble 
than  the  potassium  compound,  and  easily  crystallises  in  fiuu 
ruby-red  crj-stals,  which  have  a  specific  gravity  of  1738. 

Chromic  Nitrate,  Crj(NO,)„  -I-  ISH.p,  is  obtained  by  dis- 
solving the  hydroxide  in  nitric  acid.  The  solution,  which  by 
transmitted  light  has  a  blue,  and  by  reflected  light  a  red  colour, 
usually  dries  up  to  a  green  amorphous  mass,  which  dissolves 


only  with  difficulty  in  warm  water,  depositing  oblique  purple- 
red  prisms. 

Chromic  riwsi'hates.  Tlie  normal  orthopbosphate,  Cr^^POJj. 
is  oblaiucd,  by  the  addition  of  pliosphate  of  soda  to  a  solution 
of  chromic  chloride,  in  tlie  form  of  a  green  precipitate,  which  on 
drying  has  a  dark-blue  colour.  If  a  solution  of  phosphate  of 
soda  be  added  drop  by  drop  to  one  of  cbrome-alum,  so  that  the 
whole  of  tlie  chromium  is  not  thrown  down,  a  voluminous  pre- 
cipitate, which  after  a  time  becomes  diirk-violet  and  crj-stallmp, 
is  deposited,  and  has  the  composition  Crjfl'OJj  +  l^H^O.  If 
chromic  hydroxide  be  dissolved  in  an  excess  of  aqueous  phos- 
phoric acid,  the  solution  evaporated  and  the  residue  heated  to 
316°,  a  gi-een  chromic  metapbospbate,  ^^^{^0.^^  remains  behind, 
which  is  insoluble  both  in  water  and  in  acids. 

Chromic  Cyanide,  Cr„(CN)^  is  a  pale-greeu  precipitate  inso- 
luble in  potassium  cyanide,  which,  when  heated  in  a  water  bath 
with  a  solution  of  the  latter  salt  in  absence  of  air,  forms 

J'otassium  Chromicyanide,  }^^QTJ^C^^^.  This  salt  forms 
pale  yellow  monoclinic  crystals,  soluble  in  !V24  parts  of  water. 
Its  solution  gives  precipittvtes  with  tin?  salts  of  the  heavy 
metals,  and,  with  sodium  amalgam,  it  yields  a  red  solution,  inas- 
much as  chromous  cyanide  is  formed,  which  is  so  readily 
oxidised  that  it  has  not  as  yet  been  obtained  in  the  pure 
state. 

430  Chromic  Thiocyaiwie,  Crj(SCN)j.  Chromic  hydroxide 
dissolves  in  thiocyanic  acid,  yielding  a  greenish-violet  solniiou 
which  when  concentrated  over  sulphuric  acid  dries  to  a  dark- 
green  amorphous  deliquescent  mass.  It  forms  a  scries  of  peculiar 
double  salts.' 

Potassium  Chromic  Tliiocyanak,  Crj(SCN)fl-|-  6KSCN  +  8H,0, 
is  formed  when  a  moderately  concentrated  solution  of  6  parts  of 
potassium  thiocyanate  and  5  parts  of  chrome-alum  is  heated  for 
two  hours  nearly  to  its  boiling  point.  On  addition  of  alcohol  to 
the  cold  solution  the  sulphates  are  thrown  down  and  the  filtrate  is 
evaporated  and  ciystallised  from  alcohol.  Tlio  salt  thus  obtained 
forms  quadratic  almost  black  crystals  whicli  api)rar  ruby-red  by 
transmitted  light  and  which  can  be  obtained  anhydrous  at  110°. 
Tliey  dissolve  in  0  "i'  parts  of  water,  and  in  t>y4  parts  of  alcohol 
with  a  wine-red  colour.  On  heating  with  alkalis  they  are  de- 
composed with  separation  of  chromic  oxiile,  and  are  attacked  by 
dilute  warm  hydrochloric  acid. 

>  Rosslcr,  Ann.  Chtm,  Pharm.  cxli.  185. 
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Sodium  Chromic  Thiocyanate,  Cr^(SCN)a  +  6NaSCN  -|-  UHjO, 
possesses  a  light  colour  resembling  the  other  chromic  thio- 
cyanates  and  crystallises  in  tliin  deliquescent  scales. 

Ammonium  and  Larinm  chromic  thiocyanates  are  also  known. 
Lead  acetate  when  added  to  a  solution  of  the  potassium  salt 
yields  a  rosc-re<i  precipitate  of  Cr2(SCN)9  +  3Pb(SCN)3  + 
4Pb(0H)j  H-  SiljO,  and  this  on  washing  with  water  yields  the 
yellow  compound.  Crj,(SCN)g  +  2Pb(SCN)2  +  4Pb(0H)j+  SH^O. 

Silver  nitrate  precipitates  from  the  solutions  of  the  chromium 
thiocyanates  a  brown-red  hydrated  salt,  Crg(SCN)g  +  6Ag(SCN), 
■which  is  anhydrous  at  100°  and  possesses  a  pale  red  colour.  It 
ia  insoluble  in  ammonia,  but  soluble  in  potassium  cyanide  with  a 
deep-red  colour.  If  this  or  the  lead  salt  be  decomposed  with 
sulphuretted  hydrogen  in  presence  of  water,  a  dark  wiue-red 
acid  solution  of  chromithiocyanic  acid  liquid  is  obtained,  which 
on  evaporation  decomposes  into  chromic  cyanide  and  thiocyanic 
acid. 

Chroma mmonitan  Thiocyanatcn.  When  finely  powdered  potas- 
sium dichromate  is  gradually  added  to  fused  ammonium  thio- 
cyauate,  ammonia  is  evolved  and  the  whole  of  the  mass  becomes 
solid.  This  is  then  dissolved  in  water,  the  solution  filtered, 
and  a  few  lumps  of  sal-ammoniac  added  when  scales  of  the  salt 
If  H/SCN)^Cr(NH3),  separate  out.  This  salt  was  discovered  by 
Morland '  but  its  composition  was  first  ascertained  by  Eeinecke.* 
When  its  solution  is  slowly  evaporated  the  halt  crystallises  in 
rhombic  do<lecahedrons  having  the  exact  appearance  of  small 
garnets  ;  and  these  when  w-armed  with  caustic  pota.sh  yield  the 
potassium  salt,  K(SCN)^Cr(NH3).2  is  formed,  which  dissolves  like 
the  former  salt  in  water  with  a  deep  red  colour  and  crystallises  in 
niby  red  scales  or  cakes.  I'esides  these,  other  salts  of  this  group 
are  known.  If  the  rose-red  insoluble  mercury  salt  be  treated 
with  sulphuretted  hydrogen  the  free  acid,  H(SCN)^Cr(NIIj),  is 
obtained.  This  dissolves  in  water  with  a  deep-red  colour,  and  on 
evaporation  at  a  low  temperature  is  obtained  as  an  amorphous 
mass.  If  the  solution,  which  has  a  strongly  acid  reaction,  be 
boiled,  decomposition  occurs;  but  a  small  quantity  of  the 
acid  evaporates  and  imparts  a  pungent  odour  to  the  vapour. 
•  Quart.  Joum.  Chem.  Soc.  xiii,  262.  »  Ann,  Chem.  Pharm.  cnri.  113, 
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CHROMIUM    TRIOXIDE. 


431  When  cliTomic  oxide  is  lieated  to  redness  vdth  an  alkali 
in  presence  of  air  or  with  addition  of  an  oxidizing  agent  such  as 
nitre,  chlorate  of  potash,  &c.,  a  yellow  soluble  mass  is  obtained, 
consisting  of  an  alkaline  chromatc.  The  chroniates  are  also 
formed  when  an  alkaline  solution  of  chromic  oxide  is  treated 
with  lead  peroxide,  potassium  permanganate,  chlorine,  bromine, 
hypochlorites  or  other  oxidizing  agents: 

Cr^O,  -i-  lOKOK  -f  3Brj  +  2KjCrO,  +  6KBr  +  5HjO. 

Tlie  chromates  usually  possess  a  yellow,  yellowish-red,  or  red 
colour.  Besides  the  normal  salts  we  are  acquainted  with  basic 
salts,  but  not  with  any  acid  salts.  The  salts  usually  termed  acid 
salts  are  dichromates  coiTesponding  to  the  disulphates,  and  are 
compounds  of  chromium  trioxide  with  the  normal  salt.  Of 
these  the  most  important  is  common  red  bichromate  of  potash, 
KjCr^Oy  =  KjCiOj  +  C1O3.  We  are  also  acquainted  with  tri- 
chromates  and  other  polychromates.  Chromic  acid  itself  is  only 
known  in  aqueous  solution.  This  decomposes  on  evaporation 
yielding  the  trioxide. 

Chromium  Trioxide,  CrO.,.  The  simplest  process  for  preparing 
this  compound  is  that  described  by  Fritzsche.*  For  this  purpose 
1'5  volumes  of  concentrated  sulphuric  acid  are  added  to  one 
volume  of  a  cold  saturated  solution  of  bichroninte  of  potash. 
The  acid  is  poured  in  a  thin  stream  and  the  liquid  constantly 
stirred.  Chromium  trioxide  crystallises  out  on  cooling  in  long 
needles.  This  method  has  since  been  modified  and  improved. 
According  to  Zeftnow-  the  best  yield  is  obtained  when  300 
grams  of  potassium  dichromate  are  mixed  with  500  cc.  of 
water  and  4liO  cc.  of  concentrated  sulphuric  acid  added, 
and  the  mixture  allowed  to  stand  for  twelve  hours  in  order 
that  the  luid  potassium  sulphate  may  crystallize  out.  The 
mother-liquor  is  then  heated  to  from  80°  to  90°,  and  150  cc. 
of  sulphuric  acid  added  together  with  enough  water  to 
dissolve  the  crystals  of  trioxide  which  at  first  separate  out. 
After  standing  for  twelve  hours  the  liquid  is  poured  off  from 
the  crystals  which  have  separated,  and  a  second  and  a  third 
crop  may  be  obtained  by  concentration.    The  liquid  is  drained 


'  jlim.  Chcm.  Pharm.  xxxvl  212. 
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off  from  the  crystals,  and  these  are  then  placed  on  a  porous  plate, 
and  washed  with  pure  nitric  acid  having  a  speciHc  gravity  of 
1*46.  This  is  best  accoinplLshed  on  a  filter  made  of  pumice- 
stone  (the  trioxide  being  immediately  reduced  by  organic  matter) 
by  means  of  a  Bunsen's  filter-pump,  the  adhering  nitric  acid 
being  removed  by  passing  a  current  of  dry  air  over  the  crystals 
heated  in  a  tube  from  60"  to  80  } 

Chromium  trioxide  is  also  easily  obtained  in  the  pure  state  by 
mixing  100  parts  of  barium  chromate  with  the  same  quantity  of 
water,  and  with  140  parts  of  nitric  acid  of  specific  gravity 
1'38,  heating  the  mixture  to  the  boiling  point  for  ten  minutes, 
then  adding  200  parts  of  water  and  again  boiling  the  solution 
for  some  time.  Barium  nitrate  crystallises  out  on  cooling,  and 
the  liquid  is  poured  off  and  evaporated  down  to  the  bulk  of 
the  nitric  acid  employed.  On  cooling,  the  liquid  is  again  poured 
off  from  the  barium  nitrate  and  evaporated  almost  to  dryness,  a 
small  quantity  of  water  being  added  to  the  residue  and  again 
evaporated,  and  this  operation  continued  until  all  nitric  acid  has 
been  driven  off.  In  this  way  chromium  trioxide  ia  obtained 
6ufficiently  pure  for  ordinary  operations.^ 

Chromium  trioxide  exists  either  as  a  red  woolly  mass  or  as 
long  scarlet  rhombic  prisms  having  a  strong  lustre,  a  specific 
gravity  of  2  78,  and  melting  at  193°  to  a  dark-red  liquid,  which 
solidifies  to  a  reddish-black  crystalline  mass  having  a  metallic 
appe-'irance.  If  a  large  amount  of  the  fused  oxide  be  allowed 
quietly  to  cool  willi  a  thermometer  placed  in  it,  the  temperature 
is  seen  to  fink  to  170°  before  solidification  begins,  but,  then  it 
rises  to  195°.  At  250°  it  is  resolved  into  oxygen  and  tliesesqui- 
oxide. 

Chromium  trioxide  is  easily  converted  into  cliroinic  oxide, 
by  reducing  agents,  such  as  sulphur  dioxide,  hydrogen  sulphide, 
zinc  dichloride,  arsenic  trioxide,  zinc,  &c.  Many  organic  com- 
pounds also  act  in  the  .same  way.  Tlius  if  strong  alcohol  be 
dropped  on  tu  the  dry  trioxide  reduction  takes  place  with  in- 
candescence, and,  if  the  trioxide  be  previously  mixed  with  a 
little  powdered  camphor,  the  chromic  oxide  formed  assumes 
the  appearance  of  a  green  mossy  vegetation.  Paper,  sugar, 
oxalic  acid,  &c..  also  reduce  the  solution  of  the  trioxide  especially 
on  warming  When  the  trioxide  is  heated  with  hydrochloric  acid 
chlorine  is  liberated,  and  when  heated  with  sulphuric  acid  ib 


•  Bun.wn.  Ann.  CJuin.  Phtrm.  cjtlviiL  290. 
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decomposes  with  evolution  of  oxygen.  The  aqueous  solu- 
tion of  chromium  tiioxide  as  well  aa  its  solution  in  glacial  acetic 
acid  is  often  used  in  organic  chemistry  as  an  oxidising  agent 
Still  more  commonly  a  -mixture  of  potassium  dichromate  and 
dilute  sulphuric  acid  is  employed  for  this  purpose,  in  which  case, 
as  has  already  been  stated,  chrome-alum  is  obtained  as  a  by- 
product. Chromium  trioxide  dissolves  without  alteration  in 
cold  dilute  alcohol  and  in  pure  ether,  and  it  is  also  soluble  in 
concentrated  sulphuric  acid,  but  not  in  an  acid  containing 
from  16  to  17  per  cent,  of  water.  It  deliquesces  on  exposure 
to  air,  forming  a  brown  solution  which  on  dilution  with  water 
becomes  of  a  yellowish-red  colour.  This  dyes  the  skin  as  well 
as  silk  and  wool  of  a  yellow  colour,  and  possesses  an  acid  and 
astringent  taste. 


THE  CHROMATES. 

432  Normal  Potassium  Chromate,  or  Yellaio  Chromate  of  Potash, 
K2Cr04,  is  obtained  by  the  addition  of  potash  to  a  solution  of 
the  bichromate.  On  evaporating  the  solution  yellow  rhombic 
pyramids  crystallise  out,  which  are  isomorphous  with  potassium 
sulphate,  and  crystallise  with  the  latter  salt  in  all  proportions. 
It  has  a  specific  gravity  of  271  at  3°-9,  and  it  does  not  undei^ 
alteration  in  the  air.  On  heating,  it  becomes  red-coloured  and 
melts  at  a  high  temperature  without  decomposition,  solidifying 
on  cooling  to  a  crystalline  mass.  It  dissolves  in  water  with  a 
yellow  colour  which  is  perceptible  even  when  very  small 
quantities  of  the  substance  are  present,  one  part  of  the  salt 
imparting  a  distinct  yellow  tint  to  400,000  parts  of  water. 
One  hundred  parts  of  water  dissolve : 

At  0«  20""  ev  100" 

K^CrO^  58-90        6294        7102        79-10  parts. 

The  saturated  solution  boils  at  104°-2.  The  salt  has  a  bitter 
cooling  taste  and  an  alkaline  reaction.  On  evaporating  its 
solution  red  crystals  of  the  dichromate  are  first  deposited  and 
afterwards  the  yellow  crystals  of  the  neutral  salt  It  is  de- 
composed by  all  acids,  even  by  carbonic  acid  with  formation 
of  the  dichromate.     It  is  insoluble  in  alcohol. 

433  Potassium  Dichromate,  or  Bichromate  of  Potash,  K,CrjOy, 
serves  as  the  poiut  of  departure  for  the  preparation  of  almost  all 
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■tlie  other  chromium  compounds,  and  is  prepared  on  the  large 
scale  from  chrome-iron  ore. 

Up    to    the    year   1820,    potassium   dichromate    was    used 
only  for  the  purpose  of  making  chrome-yellow,  and  was  pre- 
p»ared  by  the  calcination  of  chrome-iron-ore  with  costly  salt- 
petre.      In    the    above   year    Kochlin    introduced    potassium 
dichromate  into  the  process  of  Turkey-red  dyeing,  and  it  soon 
■was  employed  for  a  variety  of  other  purposes,    especially  in 
Nvool-dyeing.     In  its  preparation  potashes  were  employed  instead 
of  saltpetre,  and  the  chrome-iron-stone  was  oxidised  in  reverbe- 
ratory  furnaces  by  means  of  atmospheric  oxygen.    An  important 
improvement  was  made  in  the  process  by  Stromeyer  by  the 
introduction    of    a    certain   quantity   of   lime    togcither    with 
the  potash.     Xot  only  was  a  saving  of  alkali  thus  effected,  but 
the  oxidation  was  rendered  easier,  inasmuch  as  the  whole  mass 
did  not  fuse,  and  therefore  remained  porous  and  more  capable  of 
absorbing  the  atmospheric  oxygea     The  chrome-irou-ore  is  firet 
^doastcd  and  4^  parts  of  the  finely  ground  ore  mixed  witji  2J 
^^arts  of  potassium  carbonate  and  7  parts  of  lime.     This  mass 
after  drying  at  150°  is  heated  to  bright  redness  with  an  oxidizing 
^^ame,  tlie  whole  being  constantly  stirred.     At  the  end  of  the 
Bcperation  the  charge  is  withdrawn  from  the  furnace  and  after 
coohng  it  is  lixiviated  with  the  minimum  amount  of  hot  water.  If 
calcium  chroniate  be  found  in  solution  a  hot  saturated  solution 
of  potassium  sulphate  is  added,  when  the  lime  is  thrown  down 
as  salpbate  and  potassium  chromate  remains  in  solution.     The 
liquor  is  next  treated  with  the  requisite  quantity  of  sulphuric 
,      acid,  dilut€d  with  twice  its  volume  of  water,  to  convert  the 
^fchromate  into  dichromate,  and  then  allowed  to  cool.     The  solu- 
^■tion  of  cIiromat€  saturated  at    Id"  contains  nearly  1  part  of 
salt  to  2  parts  of  water,  whilst  tlie  dichromate  requires  10 
parts  of  water  for  its   solution.     It   is  cle.ir,    therefore,   that 
when   tlie   saturated   solution   of   chromate  is   converted  into 
dichromate,   a   precipitate   of  about  three-quarters  of  the  di- 
chromate will  be  formed  on  cooluig.   This  precipitate  is  collected 
and  then  recryslallized     The  mother-liquor,  which  of  course 
.     contains  potassium  sulphate,  is  used  for  the  lixiviation  of  another 

Rortion  of  the  roasted  mass. 
Potassium  dichromate  ciystaliises  in  splendid  garnet-red  tables 
r  prisms  belonging  to  the  triclinic  system,  having  a  specific 
gravity  of  2GD2  at  3°'0.      It  melts  below  a  red-heat  forming 
I  a  transparent  red  liquid,  which  when  slowly  cooled  solidifies 


in  crystals  which  have  the  same  form  as  those  deposited  fror"  - ' 
aqueous  solution.     It  decomposes  at  a  white-heat  into  oxyge-  ^^ 
chromic  oxide,  and  the  normal  salt.     One  hundred  parts    ■^ 
water  dissolve : 


At 

o« 

10" 

itp 

80C 

100* 

K,Cr,Oj 

4'96 

8-47 

29-15 

7300 

10204- 
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The  saturated  solution  Lolls  at  104'.     Potassium  dichronia 
has  an  acid  reaction,  ii  cooling  bitter  metallic   taste,   and 
insoluble  in  alcohol ;  it  acts  aa  a  powerfid  poison,  jiroliably  if^^ . 
account   of  its   oxidizing  properties.      The  commercial  salt 
usually  almost  chemically  pure,  and  is  employed  for  the  prepara^^^ 
tion  of  the  other  chrouiiiun  compounds,  ai  a  reagent,  and  as  ar*  "*' 
oxidizing  agent,  as  well  as  being  largely  used  in  dyeing  and  caJico — •  *-*" 
printing. 

A  fihii  of  organic  matter  saturated  with  a  solution  of  potas- 
sium dichromate  acquires  a  dark  colour  on  exposure  to  light 
owing  to  a  reduction  to  chromic  o.xide  talking  place,  and  a  solu- 
tion of  this  substance  in  gelatine  is  used  as  a  sensitive  agent  m 
the  Autotype  and  other  similar  photo/jraphic  printing  processes. 
These  processes  depend  not  merely  upon  the  de-oxidatiun  of 
the  dichromate,  but  also  upon  the  fact  that  tliis  i-eductiou 
renders  the  gelatine  in.soluble  in  and  non-absorbent  of  water,  so 
that  those  portions  of  the  gelatine-film  wliich  have  been  acted 
upon  by  the  light  remain  unchanged  when  the  film  is  immersed 
in  hot  water,  while  those  parts  which  have  been  protected  from 
the  action  of  the  light,  dissolve  away  entirely.  A  film  is  thus 
obtained  in  which  the  various  shades  of  the  original  negative  are 
reiircsentcd  by  deposits  of  varying  thickness,  of  the  insoluble 
gelatine,"  which  can  be  coloured  with  any  desired  pigment,  andiu 
this  way  the  red-  or  blue-chalk  drawings  of  the  old  masters  can 
be  produced  in  exact  fac-siniile.* 

Potassium  dichromate  forms  a  double  salt  with  mercuric 
chloride,  K,Cr,0.  +  HgCU,  which  separates  out  in  red  rliombic 
crystals.  When  potassium  dichromate  is  dissolved  in  12  part.t 
of  hot  nitric  acid,  carmine-coloured  tables  of  potassium  nitro- 
dichromat«,  KCrjO^NOj,  are  formed.  These  when  crystallised 
from  nitric  acid  yield  p;irnet-red  crystalline  scales  of  potassium 
nitro-trichromate,  KCrjOgNOy 

Potassium    Trichromate, 


KjCr^Ojj,   crystallises  in  dark   red 


'  For  a  full  anj  interesting  ilesniption  of  these  processes,  see  Abney's  Trmtim 
on  Photifjraphy.     Lougmous  :  1378,  pp.  82,  160.  * 
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■acreous  prisms  when  a  solution  of  the  dichromate  in  ordinary 
itric  acid,  or  in  an  aqueous  solution  of  chromium  trioxide,  pre- 
"^lared  at  60°,  is  allowed  to  cool.  These  have  a  specific  gravity 
of  361 3,  melt  at  a  temperature  of  150",  and  gradually  become 
Islack  on  exposure  to  air  (Graham). 

I*oCassium  Tdrachrovuttc,  K„Cr^0,3,  is  obtained  in  the  form  of 
"thin  glistening  red  scales,  when  the  foregoing  salt  is  heated  for 
some  time  with  concentrated  sulphuric  acid. 

formal  Sodium  Oironiatc,  Na.jCi'04  4- 10H,,O.     This  is  ob- 
'taised  by  fusing  chromic  oxide  and  sodium  nitrate  together, 
xind  evaporating  the  solution  at  a  low  temperature,  or  by  allow- 
ing  a  solution  of  chromate  of  potash  saturated  with  soda  to 
evaporate  at  0°.     The  salt  is  deposited  in  deliquescent  trans- 
parent yellow  prisms,  isomorphous  with  glauber  salt     Heated  to 
above  30°  the  anhydrous  salt  separates  out.     It  has  an  alkaline 
reaction,  and  n  bitter  metallic  taste. 
K    Sodium  Dichromate,  NajOgOj  +  2 H^O,  crystallises  in  thin 
'yellowish-red  deliquescent  prisms. 

434  Nornuil  Aviinoniuvi  Chromatf,  Qii'Ri^^QxO^,  is  obtained 

B|by  evaporating  a  solution  of  the  trioxide  with  excess  of  ammonia 

at  temperatures  below  60°,  when  lemon-yellow  needles  separate 

which   are  permanent  in   the    air,   easily    soluble    in  water, 

B{>osses3  an  alkaline  reaction,  and  leave  chromic  oxide  when 

ignited. 

Ammonium.  DichroTnatc,  {H'^^S^r.f)^,  is  formed  when  the 
requisite  quantity  of  the  trioxide  is  added  to  ammonia.  On 
evaporation,  orange-coloured  nionoclinic  crystals  having  a 
Rpecific  gravity  of  2307  separate  out.  They  are  permanent  in 
the  air,  and  when  ignited  decompose  into  nitrogen,  water,  and 
flocculent  chromic  oxide,  which  swells  up  to  a  large  bulk. 

If  solutions  of  equal  parts   of  ammonium  dichromate  and 
mercuric  chloride  are  evaporated,  large  red  six-sidtd  monocliuic 
prisms,  having  the  formula  QsYl^J^r.fi^  -f  IIgCl,-l-H„0,  are  depo- 
I  sited ;  whilst  from  the  mother-liquor  another  salt,  3(NH4)2CrjOj+ 
iHgClj,  crystallises  in  needles. 

Avnnonium  Trichromale  (NH^)oCr30j„,  and  Ammonium  Hex- 


ehromate  (NHj).,Cr„Ojj,  are  also  known. 

Barium  Chromate,  BaCrO^,  is  an  insoluble  yellow  precipitate, 
g  a  specific  gravitj*  of  ;^  9.  It  is  insoluble  in  acetic,  but 
y  soluble  in  nitric,  hydrochloric,  and  aqueous  chromic  acids. 
From  the  last  solvent  the  salt  BaCrjO;  -f  2H,0  may  be  obtained 
in  yellow  stellar  needles,  which  are  decomposed  by  water  with 
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separation  of  the  normal  salt.     Barium  chromate  is  used  as 
pigment  under  the  name  of  yellow  ultramoriue. 

Mtujntsium  Chromate,  MgCrO^+THjO,  crystallizes  from  S" 
solution  of  magnesia  in  chromic  acid  in  leniou-yellow  crj'stals 
isomorphous  with  sulphate  of  magnesia.  Its  speciQc  gravity 
is  1-66. 

Magiusiuw.  Potassium  Chromate,  MgCrOj+ K^CrO^  +  211,0, 
crystallizes  in  yellow  four-sided  tables  on  evaporating  a  solution 
of  potassium  dichromate  which  has  been  neutralised  with  mag- 
nesia. 

Magnesium  Ammonium  Chromate,  MgCrO^ -I- (NHj)jCrOj + 
6HjO,  is  isomor]ihous  with  the  corresponding  sulphate. 

Zinc  Ckrimuitcs.  Clironiate  of  potash  gives  witli  zinc  sulphate 
a  yellow  precipitate  of  basic  zinc  chromate,  Zng(OH)jCrO^  -f 
H„0,  A  similar  corapound,  2Zn2(OH).,CrO,  -|-  HjO,  is  formed 
when  zinc  carbonate  is  heated  with  a  solution  of  chromic  acid. 

If  zinc  oxide  or  a  zinc  salt  is  boiled  with  potassium  dichromate 
the  yellow  insoluble  compound,  Zn/OH)(,CrO^,  is  precipit-ated. 

435  Lead  C/iivma/c,  PbCrC)^.  occurs  us  crocoisite  in  translucent 
yellow  monoclinic  prisms,  having  a  specific  gravity  of  59  to 6"]. 
The  nuneral  is  foimd  in  Siberia,  in  the  Urals,  Brazil,  Hungary, 
and  the  Phillippine  islands.  Crystals  having  a  specific  gra^^ty 
of  6 '11 8  are  artificially  obtained  when  lead  chloride  is  strongly 
heated  with  potassium  chromate,  as  well  as  wlien  solutions  of 
lead  acetate  and  normal  potassium  chromate  are  allowed  slowly 
to  dififuse  into  one  another.  *  A  bright  yellow  precipitate  of  the 
normal  chromate  is  obtained  when  a  solution  of  a  lead  salt  is 
precipitated  with  potassium  dichromate  Tliis  goe^  under  the 
name  of  ckrome-ydlow,  and  is  largely  used  as  a  pigment.  It 
is  insoluble  in  water,  but  readily  dissolves  in  nitric  acid  and 
caustic  potash.  AVhen  strongly  healed  it  fuses  to  a  brown 
liquid,  which  on  cooling  solidifies  to  a  crystalline  mass.  As  lead 
chromate  at  a  red-heat  oxidises  all  organic  substances,  it  is  fre- 
quently employed  in  organic  analysis,  especially  in  the  case  of 
bodies  which  contain  chlorine,  sulphur,  &c.  The  chrome-yellow 
of  commerce  often  contains  admixtures,  especially  lead  sulpliatc. 
This,  however,  is  not  always  to  be  considered  as  an  adulteration, 
as  it  is  used  for  the  preparation  of  a  light  shade.  This  is  termed 
Cologne-yellow,  and  is  obtained  by  a  precipitation  of  the  mixture 
of  the  nitrates  of  lead  and  calcium  with  a  mi.\ture  of  sodium 


'  Drercnnaim,  Ann.  Chem.  Pluirm,  lixxvii.  121. 
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sulphate  and  potassiiun  chromate,  or  more  generally  by  heating 
lead  sulphate  with  a  solution  of  potassium  dichromate. 

Calico  is  printed  or  dyed  with  chrome-yellow,  by  first  mor- 
danting the  cloth  with  a  solution  of  lead  salt,  and  afterwards 
steeping  it  in  one  of  chromate  of  potassium. 

Basic  Lead  Chromufe,  PboCrOj,  occure  iu  commerce  as  chrome- 
red,  and  is  obtained  as  a  tine  red  powder  by  digesting  chrome- 
yellow  with  cold  caustic  soda,  or  boiling  it  v^th  a  solution  of 
normal  potassium  chromate,  or  by  fusing  it  with  nitra  The 
ehromc-wange  of  commerce  is  a  mixture  of  chrome-red  and 
chrome -yellow  obtained  by  treating  the  latter  with  milk  of  hme 
or  by  precipitating  a  lead  solution  with  a  weak  alkaline  solution 
of  potassium  chromate.  Another  basic  salt,  PbjCr.Og,  occurs  as 
the  mineral  phcenicite  in  hyacinth-red  crystals,  having  a  specific 
gravity  of  u'75.  It  may  be  artificially  prepared  together  with 
the  normal  chromate,  by  allowing  solutions  of  lead  nitrate  and 
potassium  chromate  to  diffuse  into  one  another  when  it  separates 
iu  dark-red  tables. 

436  Copptr  Qiromates,  Copper  dichromnte,  CuCrjOj+SHjO,  is 
obtained  by  the  action  of  concentrated  chromic  acid  solution  on 
copper  hydroxide.  It  forms  blackish-brown  deliquescent  crys- 
tals. The  solution  when  boiled  deposits  the  basic  salt  CujCrOg 
+  2H,0  as  a  brown  precipitate,  which  is  also  obtained  when 
boiling  solutions  of  normal  potassium  chromate  and  copper 
sulphate  are  mixed.  Cold  solutions,  on  the  other  hand,  yield 
the  double  salt  K^CrO^  -h  Cu^CrjjOg  -|-  2HjO,  which  is  obtained 
also  by  the  action  of  potassium  dichromate  solution  on  freshly 
precipitated  copper  hydro-xide  in  pale  brown  microscopic  six- 
sided  tables.  Tlie  mineral  vauquelinite,  (CuPb)3Cr20j,  occurs 
in  small  glistening  monoclinic  crystals  or  earthy  masses,  together 
with  crocoisite. 

Normal  Silver  Chromate,  AgjCrO^,  is  obtained  as  a  red 
crystalline  precipitate  when  a  dilute  solution  of  potassium 
chromate  is  poured  into  a  concentrated  solution  of  silver  nitrate. 
If  silver  oxide  be  boiled  for  some  time  with  a  solution  of 
potassium  dichromate,  the  same  compound  is  obtained  as  a 
cherry-red  powder  consisting  of  needle-shaped  crystals.  It  is 
insoluble  in  water,  but  soluble  in  nitric  acid,  ammonia,  and  the 
chroniat«3  of  the  alkali  metiils.  On  evaporation,  it  separates 
from  the  ammoniacal  solution  as  a  green  metallic  glistening 
crust,  which  yields  a  red  powder. 


Siltxr  Dichromate,  AgjCr-Op  is  formed  when  a  solution  of 


■aess 
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potassium  dichroraate  is  dropped  into  concentrated  silver  solu- 
tion. The  scarlet  precipitate  is  slightly  soluble  in  water,  and 
ciystallises  in  red  triclinic  crystals,  which  are  decomposed 
by  boiling  water. 

Ammonio-Sil i:er  Chromate,  AgjCrO^  +  4NHj,  is  obtained  by 
dissolving  the  normal  sail  in  ammonia,  and  evaporating  the 
solution,  wheu  it  deposits  in  yellow  transparent  crystals,  which 
are  isomorphou*  with  the  corresponding  sulphate,  and  lose  am- 
monia on  e.xposure  to  air. 

Mercurous  Chromate,  Hg^CrO^,  la  a  bright  red  crj'stalline  pre- 
cipitate, obtained  by  adding  potassium  dichromate  to  an  excess 
of  mercurous  nitrate.  On  heating  it  decomposes  with  evolution 
of  mercury  and  cxygen,  bright  green  chromic  oxide  remaining 
behind. 

Mercuric  Chroinate,  IlgCrO,,  is  formed  when  equal  parta  of 
chromium  trioxide  and  mercuric  oxide  are  boiled  together  with 
water.  It  crystallises  in  garnet-red  rhombic  prisms,  which  are 
decomposed  by  water,  especially  when  warm,  with  formation  of 
the  amorphous  insoluble  basic  salt,  HgjCrO,,.  If  freshly  preci- 
pitated mercuric  sulphide  be  wanned  for  some  hours  with  solu- 
tion of  chromium  trioxide,  and  the  product  dried  at  the  ordinary 
temperature,  a  yellow-ochre  coloured  powder  ia  obtained,  which 
has  the  composition  2IIgCrO^-t-HgS,  which,  on  percussion  or 
heating,  explodes  very  violently. 

Ferric  Chromate,  Fe2(CrO^)j,  is  obtained  as  a  bright  yellow 
powder,  by  precipitating  a  neutral  ferric  chloride  solution  with 
a  hot  saturated  solution  of  potassium  dichromate.  If  ferric 
hydroxide  be  digested  with  a  solution  of  chromium  trioxide  and 
evaporated,  a  brown  mass  having  the  composition  Fe^Cr^Ojj 
is  obtained,  which  is  soluble  in  water  and  alcohol. 

437  Chromic  Chro-matf-,  CrjOj.  Cr03=3CrOj.  This  compound, 
also  known  as  chromium  dioxide  or  peroxide,  is  formed  when 
chromic  nitrate  is  gently  heated.  It  is  likewise  prepared  by  the 
partial  reduction  of  the  trioxide,  and  by  the  precipitation  of 
chromic  salt  with  a  soluble  chromate.  The  brown  powder  thus 
obtained  is  ea.sily  soluble  in  acids.  Alkalis  precipitate  chromic 
hydroxide  from  its  solution,  whilst  a  chromate  remains  in  the 
liquid.  If  chromium  chromate  be  washed  for  some  time  with 
water,  it  is  decomposed  into  soluble  trioxide  and  insoluble 
sesquioxide.  When  nitric  oxide  is  passed  into  a  tolerably  con- 
centrated solution  of  bichromate  of  pota.sh,  chromic  chromate  is 
obtained  as  a  dark-brown  precipitate,  which  dries  at  250"  to  form 
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a  black  hygroscopic  powder,  and  this,  wlien  heated  in  a  current 
of  hydrochloric  acid,  yields  chromic  oxide,  water,  and  chlorine. 

^Vhen  vapour  of  chromic  chloride  is  passed  through  a  red- 
iliot  tube,  violet  translucent  prisms,  having   the  composition 


\0, 


2Cr203  +  CrOj,  are  obtained.     These  are  magnetic,  and 


on  ignition  are  gradually  converted  into  chromic  o.'dde.' 


CHROMYL  CHLORIDE  AND  THE 
CHLOROCHROMATES. 

438  Chromium    O-irnMoriih  or   Chrovnjl   Chloride,   CrOjClj. 

Vapour  Dcnsiti/  =  77'5.     This  compound,   sometimes  tenned 

Lchlorocliromic  acid,  appears  to  have  been  discovered  by  Thomp- 

Ison,*  and  was  afterwards  specially  investigated  by  Berzelius  and 

TWohler."'    It  is  prepared  by  distilling  a  fused  mixture  of  ten  parts 

lof  common  salt  and  twelve  parts  of  bichromate  of  potash,  together 

jvith  thirty  parts  of  concentrated  sulphuric  acid,  and  in  order 

'to  remove  free  chlorine  repeatedly  rectifying  the  distillate  in  a 

current  of  carbon  dioxide.     It  is  a  mobile  liquid  of  a  splendid 

blood-red  colour  by  transmitted,  and  nearly  black  a.'?  seen  by 

r  reflected  light.     It  boils  at  11 8^  and  has  a  specific  gravity  at 

25"  of  1'920.*    It  absorbs  chlorine  readily,  dissolves  iodine,  and 

["when  dropped  into  water  it  remains  unaltered  for  a  few  seconds, 

i)ut  is  afterwards  decomposed  with  violent  ebullition  into  chro- 

lic  and  hydrochloric  acids.    The  specific  gravity  of  the  vapour 

)f  thromyl  dichloride  is,  according  to  Biiieau,  5'39  (air  =  1). 

When  brought  into  contact  with  phosphorus  it  explodes,  whilst 

it  takes  fire  in  contact  with  sulphur,  hydrogen  sulphide,  am- 

pmonia,  alcohol,  and  many  other  organic  bodies,  and  when  diluted 

»-ilh  acetic  acid,  acts  as  an  oxidizing  and  chlorinating  agent 

ipon   hydrocarbons.    When  heated  in  a  closed  tube  to  180° 

ffoT  three  or  fotir  hours  trickromyl  chloride,  CrjO^C]^,  is  formed 

ifi  black  powder,  which  deliquesces  on  exposure  to  the  air.' 

loro-c}tromales.     Chloro-chromic  acid,  HCrOjCl,  standing 

Fween  chromic  acid  and  its  chloride,  and  corresponding  to 

Icldoro-sulphonic  acid  (VoL  I.  p.  3-15)  has,  like    chromic  acid 

itself,  not  been  obtained  in  the  pure  state.    The  salts,  however, 

lof  this  acid  are  known. 


>  neuther.  Ann.  Chem.  rharm.  cxriiL  61.         '  Phil.  Traru.  1827,  p.  159. 
'  Pogg.  A  ft.  xixiii.  SO.  ♦  Thorpe,  CItem.  Soc.  Joum.  xxi.  51 4. 

•  Ibid,  ixiiL  31. 
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Potassium  Chloro-chromate,  KCrO^CI,  was  discovered  hj 
r(5Hgot,*  and  is  formed  when  three  parts  of  potassium  dichro- 
mate  are  gently  heated  with  four  parts  of  concentrated  hydro- 
chloric acid  and  a  small  quantity  of  water.  Also  by  adding 
chromyl  chloride  to  a  saturated  solution  of  potassium  chloride; 

CrO.Clj  +  KCl  +  HjO  =  KCrOgCl  +  2HC1. 

This  crystallizes  in  flat  red  rectangular  prisma,  having  a  specific 
gravity  of  2-497.  The  salt  is  partially  decomposed  by  water, 
liut  may  be  re-crystallized  from  water  coutaining  hydrochloric 
acid.  It  decomposes  at  100°,  with  evolution  of  chlorine.  Dry 
ammonia  converts  it  into  a  mucture  of  sal-ammoniac,  potassium 
chloride,  aud  the  salt  KjCrgO^,  crystallizing  in  brown-red  hexa- 
gonal scales.  If  ammonia  bo  passed  into  ether  containing  the 
salt  in  suspension,  potassium  amido-chromate,  KCrOjNTJp 
crystallizes  out  in  garuet-red  prisms.  This  is  decomposed  by 
nitrogen  trioxide  in  aqueous  solution,  with  formation  of  nitrogen, 
water,  aud  potas.sium  dichromate : 


4 


2KCr03NHj  +  N^Og  =  2N,  +  2HjO  -|-  KjCrp^. 

•Chloro-chromates  of  sodium,  ammonium,  calcium,  and  mag- 
nesium have  also  been  described  by  I'uligot. 

439  Chromium  Hcojluoridc,  CrFg.  This  compound,  corre- 
sponding to  the  trioxide,  was  discovered  by  Unverdorben,*  and  is 
obtained  by  heating  a  mixture  of  four  parts  of  ignited  chi-omate 
of  lead,  three  parts  of  pure  fluor-spar,  and  five  parts  of  fuming 
8ul])huric  acid  in  a  lead  or  platinum  vessel  It  is  a  red  gas, 
which  condenses  to  a  blood-red  strongly  fuming  liquid.  The 
vapour,  when  inhaled,  produces  violent  coughing  and  severe 
oppression  of  the  lungs.  It  is  decomposed  by  water,  with 
formation  of  hydrofluoric  acid  and  chromium  trioxide.  This 
latter  is  obtaiued  in  the  pure  state  by  passing  the  vapours  into 
a  platinum  crucible,  covered  with  a  wet  piece  of  filter-paper, 
when  the  trioxide  separates  as  a  red  woolly  mass. 

Potassium  Fluo-chromatc,  KCrOjF,  is  formed  when  bichromate 
of  potash  is  heated  with  concentrated  hydrofluoric  acid  in  a 
platinum  vessel.  It  crystallizes  in  red  quadratic  pyramids 
which  are  decomposed  Viy  hot  water  into  potassium  dichromate 
and  hydrofluoric  acid. 


:en.    I 


I 
I 


'  Jovm.  Fharm,  Jnno  1833. 

*  Tromm»i.  N,  Joum.  J'lutrm,  is.  22. 
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The  CoNSTiTtmoN  of  thb  Chromates,  Chloro-cheomates, 

AND  SIMILAR   COMPOUNDS. 


440  The  chromates  and  their  derivatives  may  be  considered 
to  contain  the  radical  chromyl,  CrO,,  in  the  same  way  that  the 
existence  of  the  diad  radical  sulphuryl,  SO,,  is  assumed  in  sid- 
phoiic  acid  and  the  compounds  derived  from  it  The  constitu- 
tion of  the  above  compounds  may  be  gathered  from  the  following 
formulffi: 


Potasriam  chromate. 


CrO,<; 


OK 
OK 


Chromyl  cUoride. 
CrO,<g} 


PotaManm  dichromate. 


CrO/' 
CrO 


OK 


'2\0K 


Potassinm  cMoro-chromate. 


CrO/gf 


PotatsiTun  trichroinate. 

CrO^OK 

CrO/"^ 

C^«^<OK 


Trichroniyl  chloride. 
CrO^^^ 


Basic  zinc  chromate. 

p^  /OZnOH 
^^2\OZnOH 


Potassiam  nitro-dichromate. 
CrO^/^^ 


Baaic  lead  chromate. 


CrO  /O^Ko 


Potasainm  nitro-trichtomate. 
Cr0,/0K 
\0 


Cr02<. 


NOj 


Perchromie  Acid,  HCrO^.  A  deep  indlgo-blue  coloured  solu- 
tion is  obtained  when  hydrogen  dioxide  is  added  to  an  aqueous 
solution  of  chromium  trioxide,  or  to  a  solution  of  a  chromate 
acidified  with  sulphuric  acid.    This  blue  liqtiid,  which  probably 
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consists  of  perchromic  acid,  quickly  decomposes, with  evolution  of 
oxygen.  If  the  freshly-prepared  solution  he  shaken  with  ether, 
this  liquid  takes  up  tlio  perchromic  acid,  and  liecomes  of  a  dark- 
blue  colour.  The  ethereal  is  more  stable  than  the  aqueous 
solution,  but  on  evaporation  it  loaves  a  residue  of  chromium 
trioxide.  The  same  decomposition  is  effected  by  alkalis,  a 
chromate  being  formed  with  evolution  of  oxygen.  The 
colouring  power  of  perchromic  acid  is  so  great  that  its  formation 
is  employed  a;s  the  most  delicate  test,  both  for  chromic  acid  and 
for  hydrogen  dioxide. 


CHROMIUM  AND  SULPHUR. 

441  Chroviinm  Scsquisu/phidc,  or  Chromium  Sidphidr,  Cr«S,. 
This  is  obtained  by  heating  chromium  with  sulphur,  or  by  igniting 
chromic  chloride,  or  the  trioxide,  in  a  current  of  hydrogen  sul- 
pliidc.  It  forms  either  a  blackish-grcy  metallic  lustrous  powder, 
or  an  elastic  mass  having  a  specific  gravity  of  3'77.  When  heated 
in  the  air  it  burns  with  formation  of  the  green  oxide,  and  in 
chlorine  yields  chloride  of  sulphur  and  chromic  chloride.  It 
is  not  attacked  by  nitric  acicL  This  compound  cannot  be 
prepared  in  the  wet  way,  as  soluble  sulpliides  precipitate  the 
hydroxide  from  chromic  salts,  with  liberation  of  sulphuretted 
hydrogen : 

CrXlo  +  6H.p  -I-  3(NII,),vS  =  Cr.,(OH)e  +  GNH^Cl  +  SH^S. 

Cliromium  PcrsvJphid/;,  Cr^Sy,  is  obtained  as  a  brown  pre- 
cipitate when  hydrogen  sulphide  is  passed  into  an  ammoniacal 
soUition  of  potassium  dicbromate.  Sulpliide  of  carbon  does 
not  extract  sulphur  from  the  compound.  It  is  slowly  decom- 
posed by  water,  and  dilute  acids  decompose  it  into  free  sulphur 
and  a  chromic  salt,  with  evolution  of  hydrogen  sulphide. 


CHROMIUM  AND   NITROGEN. 


Chromium  Nitride,  N„Cr;,  is  formed  by  the  direct  union  of  its 

elements  at  a  red-heat' ;  and  also  by  passing  ammonia  over  heated 

chromic  chloride.     It  is  a  brownish-black  powder,  which  takes 

fire  and  bums  when  heated  to  200°  in  the  air  or  in  oxygen.    Cold 

>  Bricglcb  and  Ceuther,  Ann.  Chem.  Pluirm.  cxxiii.  239. 
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chlorine  does  not  act  upon  it,  but  when  heated  in  this  gas  small 
explosions  first  occur,  owing  to  formation  of  nitrogen  chloride, 
and  at  last  chromic  chloride  remains.  It  docs  not  undergo 
change  on  ignition  in  hydrogen  or  in  aqueous  vapour,  and  is  not 
attacked  by  caustic  potash,  hydrochloric  acid,  or  nitiic  acid. 
Concentrated  sulphuric  acid  converts  it  into  ammonia  chrome- 
alum: 

Cr,Nj  +  4H,S0,  =  Crj(SO«),  +  (NH^jSO,. 

CHROMIUM    AND    PHOSPHORUS. 


Chromium  Phosphide,  Vfir^  is  obtained  bypassing  the  vapour 
of  phosphorus  over  ignited  chromate  of  potash.  On  lixiviating 
the  black  fused  mass  with  water,  a  crystalline  powder  remains 
belund,  having  a  metallic  lustre,  and  possessing  the  above  com- 
position. AVhen  heated  in  oxygen  this  powder  takes  fire,  and 
bums  with  formation  of  chromic  phosphate. 


► 


Detkction  and  Estimation  of  CHitoMitrM. 


44a  Chromium  oxide  is  frequently  detected  in  its  insoluble 
compounds  by  its  characteristic  green  colour,  as  well  as  by  the 
fact  that  it  forms  an  emerald-green  bead,  both  in  the  oxidizing 
and  reducing  flame,  with  borax  or  microcosmic  salt.  On  fusion 
with  soda  and  saltpetre  a  yellow  mass  is  obtained,  which  is 
soluble  in  water,  and  the  solution  acidified  by  acetic  acid  yields 
a  yellow  precipitate  with  soluble  lead  salts.  Caustic  potash  or 
6oda  gives  a  green  precipitate  in  solutions  of  chromic  salts. 
This  dissolves  in  an  excess  of  alkali  in  the  cold,  but  is  com- 
pletely precipitated  on  boiling  the  solution.  Tliis  reaction  is  em- 
ployed for  the  separation  of  chromium  from  aluminium,  metals 
which  are  obtained  together  in  the  course  of  analysis.  If, 
however,  the  solution  contains  large  quantities  of  a  zinc  or 
magnesium  salt,  alkahs  produce  insoluble  chromates  of  these 
metals,  and  these  are  precipitated  in  the  following  operations,  ■ 
together  with  iron.  In  this  case  the  precipitate  must  be  fused 
with  saltpetre  and  carbonate  of  soda,  the  fused  mass  dissolved 
in  water,  and  the  filtrate  tested  for  a  chromate.  The  detection 
of  chromic  acid  is  rendered  easy  by  the  bright  yellow  or  red 
colour  of  its  salts.  The  yellow  colour  of  the  normal  cliromates 
becomes  red  on  the  addition  of  an  acid,  and  again  yellow  when 
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made  alkaline.  Silver  nitrate  precipitates  the  normal  chrofnat«i3 
of  a  purple-red,  aud  the  dichromates  of  a  dark-red  colour,  both 
precipitates  being  easily  soluble  in  ammonia  and  in  dilute  nitric 
acid.  Barium  chloride  gives  a  pale  yellow  precipitate,  with  soln- 
tiona  of  the  normal  chi-omates,  and  lead  acetate  throws  down 
a  pale  yellow  powder,  insoluble  in  nitric  acid,  turned  red  by  a 
sliyht  excess  of  caustic  potash,  and  soluble  in  a  large  excess  of 
this  reagent,  and  from  this  solution  acetic  acid  again  pi-ecipitates 
chrome-yellow.  All  the  chromates  are  converted  by  reducing 
agents  into  the  chromic  salts.  When  they  are  distilled  in  the 
dry  state  with  common  salt  and  sulphuric  acid,  they  yield  red 
vapours  of  cliromyl  cliloride,  which  condense  to  a  dark-red 
liquid,  becoming  yellow  on  saturation  with  ammonia. 

The  chromium  salts  do  not  impart  any  colour  to  the  nou- 
luminous  gas-flame.  The  solution  of  chromic  chloride  gives  a 
spark-spectrum  containing  lines  of  which  the  two  following  are 
the  most  characteristic : 


a  5205 


13  4255. 


The  spark-spectrum  of  the  metal  is  a  complicated  one. 
I'ullowiuK  are  the  Liijihtest  lines : 


The 


In  the  green 


{ 


5207-6  (4289-4 

5205-2    In  the  dark  blue  .  •<  4274-6 
5205-7  (4253-9 


In  order  to  determine  chromium  tptonfitotivdi/  in  the  chro- 
mium .salts,  a  hot  solution  is  precipitated  with  an  excess  of 
ammonia,  the  solution  heated  nearly  to  the  boiling  point,  and 
the  precipitate  well  washed  with  hot  water,  dried,  ignited,  and 
weighed  as  chromic  o.xide.  In  the  chromates  the  chromium  is 
either  determined  by  precijiitation  in  acetic  acid  solution  with 
lead  acetate,  and  weighing  the  precipitated  lead  chromate  ignited 
at  a  dull  red-heat,  or  the  solution  is  mixed  with  hydrochloric 
acid  and  alcohol,  in  order  to  form  chromic  chloride,  which  is 
then  determined  as  above.  Another  good  method  is  to  precipi- 
tate the  neutral  solution,  or  one  made  slightly  acid  by  nitric 
acid,  with  mercurous  nitrate,  and  to  convert  the  washed  and 
dried  precipitate  by  ignition  into  chromic  oxide. 

For  the  valuation  of  Clirome  Iron  Ore  the  following  process 
may  be  adopted.  Eight  parts  of  borax  are  fused  in  a  platinum 
crucible,  one  part  of  the  finely  pulverized  ore  added,  and  the 
crucible  kept  at  a  bright  red-heat  for  half  an  hour.    Dry  car- 
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bonate  of  soda  is  next  added  as  long  as  cfTervescence  ensues,  and 
then  tbree  parts  of  a  mixture  of  equal  weighU  of  carbonate  of 
soda  and  nitre  are  gradually  introduced,  the  mass  being  frequently 
stirred  with  a  platimnn  wire.  Tlie  alkaline  chromate  is  dissolved 
in  water,  and  to  get  rid  of  the  silica  and  alumina  which  are  in 
solution,  it  is  evaporated  nearly  to  dryness  on  a  water-bath 
with  an  excess  of  ammonium  nitrate,  until  all  free  ammonia  is 
expelled.  Water  is  now  added,  tlie  liquid  filtered,  and  the 
chromium  in  solution  estimated  as  above  described. 

Anotlier  convenient  method  consists  in  igniting  0'5  gram  of 
the  finely  powdered  mineral  with  10  grams  of  caustic  soda  and 
15  grams  of  magnesia  for  one  hour  over  a  Bunsen  burner, 
stirring  the  powder  with  a  platinum  wire.  After  fusion  the 
mass  is  treated  with  water,  the  filtrate  acidified  with  hydro- 
chloric acid,  and  the  chromium  determined  volumetrically  with 
ammonium  fenous  sulphate.^ 

Tfu  atomic  wciglU  of  chromium  has  not  lieen  determined  M-ith 

a  great  degree  of  accuracy.     The  numbers  obtained  by  different 

experimenters,  especially  tlie    older  ones,  vary  considerably, 

chiefly  owing  to  the  inexactitude  of  the  methods   employed. 

The  careful  analysis  made  by  lierlin*  of  the  silver  salt  gave 

j         numbers  var}-ing  from  52*4  to  52'5.     Kessler'  determined  the 

I         eqtiivalent  quantities  of  potassium  dichromate  and  potassium 

chlorate  needed  to  oxidize  a  given  quantity  of  arsenic  trioxide 

to  pentoxide,  obtaining  the  number  522  ;  and  lastly,  Siewert,* 

from  an  analysis  of  the  violet  chloride,  found  the  atomic  weight 

^  to  be  52  0. 

^^^443  The  name  MolylcUrnn,  which  occurs  in  the  writings  of 
Dioscorides  and  I'liny,  is  derived  from  the  Greek  word 
fioXv^Soi;,  lead,  and  was  originally  employed  for  the  designa- 

!         tion  of    a  variety  of  substances  containing  lead.     At  a  later 

time  the  name  was  used  to  signify  galena  or  substances  similar 

in  appearance  to  this  body,  and  to  these  bodies  the  name  of 

"plumbago   or  black-lead   was   also   given.     Even   sulphide   of 

antimony  and  pyrolusile,  to  which  latter  mineral  Linnieua  gave 


MOLYBDENUM,  Mo  =  QS'S- 


*  Cliristomonos,  Ber.  Dcultch  Chrm.  Gra.,  x.  16. 

*  Ann.  Chcnu  Pharm.  IvL  207  ;  Ix.  182. 

*  ZcitscAr.  (It*.  Xaturicu.  xviu  £30. 


*  Pogg.  Ann,  cxiii.  137. 
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the  name  of  raolybtlienum  magnesii,  were  also  classed  nmler 
the  same  group  of  bodies.  At  a  still  later  period  this  word 
was  entirely  applied  to  graphite  and  to  the  mineral  sulphide 
of  molybdenum,  which  is  extremely  similar  in  its  appearance 
to  graphite. 

The  difference  between  plumbago  and  the  sidphide  of 
molybdenum  was  first  pointed  out  by  Scheele  in  his  treatise  ou 
"Molybdfena"  in  1778,  and  another  on  "Plumbago"  in  1770.' 
By  heating  the  former  mineral  with  nitric  acid  he  obtained 
sulphuric  acid  together  with  a  peculiar  white  earth  whicli  he 
recognised  as  an  acid-forming  o.xide,  and  termed  it  nritlitm 
jiioh/bdanrr,  and  he  assumed  that  the  mineral  is  a  compound 
of  this  acid  with  sulphur.  In  1781  Bergman  suggested  that  the 
earth  was  probably  a  cal.x  of  a  metal,  and  in  1782  lie  wrote 
that  ITjelm  had  succeeded  in  preparing  the  metal,  thougli  the 
details  of  the  experiments  were  first  made  known  in  1790. 

Another  mineral  containing  molybdenum  is  the  yellow  molyb- 
date  of  lead  or  wulfenite  iirst  found  in  Carinthia.  This  W8.s 
investigated  by  the  elder  Jacquin,  and  he  showed  that  it 
contained  lead,  Ijut  was  doubtful  as  to  the  nature  of  the  ncid 
with  which  this  metal  is  combined,  Salzwedel,  wlio  analyzed 
it  in  1700,  believed  that  it  was  a  lead  salt  of  tungstie  ncid,  but 
Klaprotli  in  1707  ascertained  its  true  composition.  The  com- 
pounds of  molybdenum  were  then  more  accurately  examined 
by  Berzeliua. 

Molybdenum  is  usually  found  as  molyb<lenite,  MoS„;  also  as 
wulfenite,  Pb^VIoO, ;  more  rarely  it  occurs  as  molybdic  ochre, 
MoOj,  aud  pateraite,  CoMoO^.  Iron  ores  frequently  contain 
traces  of  molybdenum,  and  hence  this  metal  is  also  found  in 
pig-iron  as  well  as  in  the  slag.  Thus  the  iron-slag  obtained  in 
the  process  of  melting  the  cuprous  schist  at  Mansfeld,  is  said 
to  contain  from  9  to  28  per  cent,  of  molybdenum.* 

Prrpa ration  of  Mdallic  Moli/hdcnum.  In  order  to  prepare  the 
metal,  the  trioxide  or  one  of  the  chlorides  is  heated  to  redness 
in  a  current  of  hydrogen.*  The  reduction  of  the  trioxiile  does 
not  take  place  readily,  and  for  this  reason  the  product  is  heated 
at  the  end  of  the  operation  in  a  current  of  dry  hydrochloric 
acid,  when  any  of  tlie  unreduced  trioxide  is  converted  into  the 
volatile  compound,  MoO^CUHo.* 


'  Vtlendc.  Aead.  Hnndl.  »  Heine,  Jtmrn.  Prod.  Chem,,  iz.  177. 

•  Wohler,  Anii.  Chrm.  Pharm.  iciv.  255. 

*  Liechti  aud  Keaipe,  Ann.  Chcm.  Pharm.  clxix.  Hi. 
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Pme  molybdenum  has  a  silver-white  colour,  is  harder  than 
silver,  has  a  specific  gravity  of  86,^  and  does  not  fuse  completely 
at  the  highest  temperature  of  a  wind-furnace  (Bucholz) ;'  indeed 
according  to  Debray  it  is  infusible  at  that  temperature  When 
one  of  the  oxides  is  ignited  in  a  carbon  crucible  the  resulting 

Iliiiilylxlenuni  contains  from  4  to  5  per  cent,  of  carbon,  and  this 
product  can  be  fused  in  the'oxy-hydrogen  blowpipe.  Molyklenum 
is  oxidized  only  when  heated  in  contact  with  the  air.  It 
decomposes  water  at  a  red-heat,  and  it  is  readily  soluble  in 
nitric  acid  an<l  hot  concentrated  sulphuric  acid  ns  well  as  in 
nqna  regia.  It  is  not  attacked  by  hydrofluoric  acid  or  by  dilute 
sulphuric  or  hydrochloric  acids. 


OXIDES  AND  CHLORIDES  OF  MOLYBDENUM. 


444  Molybdenum  is  remarkable  for  the  number  of  oxides  and 
corresponding  chlorides  which  it  forms,  the  following  being 
known: 


OXIDES. 
MolybdcDOin  Monoxide,     Mo  6. 
Sesquioxide,  Mo,0, 


Dioxide, 
Tiioxido, 


MoO, 
Mo  O,. 


CHLORIDES. 

Molybdenum  Dichloride,  Mo  CI^ 

„  S?.^tniichIoride,  Mo,C'l„. 

„  Tetnichloride,  Mo  fl,. 

„  Pvutauliloride,  Mo  Clg. 


^H     It  will  be  convenient  to  class  the  several  corresponding  com- 

^^  pounds  together,  and  to  describe  them  in  the  above  order. 

The  three  first  oxides  are  basic,  but  only  the  chlorides  and 
bromides  have  been  satisfactorily  examinetl  The  trioxide,  the 
most  important  oxide,  is  an  acid-forming  oxide  like  the  corre- 

^^  sponding  chromium  compound. 

^H     445  Mohjhdaium  Monoxide,  MoO,  is  obtained  in  the  hydrated. 

^Hstate  as  a  black  powder  by  the  action  of  hot  potash  on  the  corre- 

^V  sponding  chloride  or  bromide. 

P  Molybdenum  DicJdoridc,  MoCl^,  is  prepared  by  heating  the 

I       sesquicliloride  in  a  current  of  dry  carbon  dioxide : 

^  MojClg  =  MoCl,  -J-  MoCl^. 

^^  The  tetrachloride  volatilizes,  and  the  dichloride  remains  as  a 
sulphur-yellow  amorphous  powder,  which  does  not  alter  in  contact 
with  the  air,  does  not  dissolve  in  water,  and  is  sohible  in  alcohol 
and  ether,  separating  from  these  solutions  in  the  amorphous 

'  Debny,  Cmnpt.  Send.  xlvi.  1098. 
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condition.^  It  is  also  soluble  in  the  hydracids  and  in  hot  sulphuric 
acid,  and  in  the  alkalis,  from  which  latter  solution  the  monoxide 
separates  on  boiling.  The  hydrate,  MoClj  4-  HjO,  crystallizes 
from  the  hydrochloric  acid  solution  on  standing  in  pale-yellow 
plates  insoluble  in  wat^r,  but  when  the  solution  is  evaporated 
long  prisms  liaving  the  formula,  MoCl  +  211,0,  are  deposited. 
These  are  soluble  in  water  and  when  dissolved  in  hot  hydro- 
chloric acid  long  glittering  needles  of  the  compound,  MoClj  -i- 
SHjO,  are  deposited.  These  do  not  dissolve  in  water,  but  are 
decomposed  by  it  with  evolution  of  hydrochloric  acid. 

Molf/bdenum  Bibromide,  lIoBrj,  is  formed  by  the  decomposition 
of  the  tribromide  by  heat.  It  forms  a  yellowish-red  infusible 
mass  which  does  not  dissolve  in  water  or  in  acids. 

The  molecular  formulae  of  these  two  compounds  are  probably 
treble  of  those  which  are  here  given,  for  if  the  chloride  be 
dissolved  in  caustic  potash  the  compound,  Mo,Cl^(OH)2-j-  2IIjO, 
is  thrown  down  on  the  addition  of  acetic  acid  in  the  form  of  a 
pale  yellow  amor^jhous  precipitate.  This  compound,  which  has 
been  termed  chloro-mohjlxlic  /fj/tiroziV/f,  possesses  basic  properties, 
and  forms  with  acids  well-defined  salts." 

ChloTo-mohjhdic  bromide,  MOjCl^Brj  +  3H,0,  is  obtained  by 
heating  the  hydroxide  or  the  chloride  with  hydrobromic  acid. 
It  crystallizes  on  cooling  in  glittering  reddi.sh-yellow  plates 
which  scarcely  dissolve  in  water  or  in  dilute  hydrochloric  acid. 
If  tlie  mother-hquor  of  this  salt  be  evaporated  well-formed 
reddish-yellow  prisms  having  the  composition,  Mo^Cl^Brj  + 
GHjO,  are  deposited.  These  dissolve  in  water,  but  are  decom- 
posed with  separation  of  a  yellow  granular  powder.  Hydriodic 
acid  fonns  corresponding  compounds. 

Brom-molyhdic  Bi/droridi;  Mo3Br^(OH)j  -|-  8HjO.  When 
molybdenum  dibromide  is  dissolved  in  dilute  alkali  and  the 
solution  allowed  to  stand  exposed  to  the  air,  or  when  sal- 
ammoniac  is  added  to  the  hot  solution,  the  above  compound  is 
deposited  in  the  form  of  golden-yellow  glistening  rhombohedrons 
closely  approximating  in  form  to  the  cube.  These  lose  six 
molecules  of  water  on  drying  over  sulphuric  acid,  and  change  to 
a  dark-red.  At  100°  they  lose  all  their  water,  a  fine  red  powder 
remaining  behind.^ 

Broiii-vwhjhdic  Chloride,  Mo^Br^Clj  +  SHjO,  is  obtained  as  a 

*  Liecliti  diid  Kcmpp,  jinn.  Chrm.  Pharm.  clxix.  3S1. 
'  Blonistraiid,  Joum.  Pracl.  Chem.  Ixxni.  100. 

•  AtU-rberg,  Ber.  DcuUeh.  Chcm.  Get.  1878,  1464. 
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pale-yellow  powder  on  adding  an  excess  of  hydrocbloric  acid  to 
the  alkaline  solution  of  the  hydroxide. 

Brom-molybdic  Fluoride,  MosBr^F^,  is  prepared  with  hydro- 
fluoric acid  in  the  same  way  as  the  chloride,  which  it  closely 
resembles. 

Brum-inohjhdk  Svlplmtf,  Mo.,r.r^SO^  +  3H„0,  can  be  obtained  in 
the  same  way  in  the  form  of  a  yellow  precipitate,  whilst  when  the 
solution  of  the  hydroxide  is  treated  with  ammonium  molybdato 
aud  acetic  acid,  the  hrom-mnJifhdic'mohjbdatc  Mo^Br^MoO^  +  H^O, 
is  thrown  down  as  a  reddish-yellow  precipitate. 

446  Molybdenum  Se^trjuiomk,  MojOj,  is  formed  when  one  of  the 
higher  oxides  is  treated  with  sodium  amalgam,  zinc,  &c.  When 
the  trioxide  is  thus  treated  the  colourless  solution  lii-st  becomes 
blue,  then  reddish-brown,  and  lastly  black.  The  hydroxide, 
Moj(OH)g,  is  obtained  as  a  brownish-black  precipitate  by  pre- 
cipitating with  ammonia,  washing  the  precipitate  with  am- 
xnoniaoal  water,  and  drying  in  a  current  of  hydrogen  ab  100°. 
When  gently  ignited  in  absence  of  air  the  water  is  evolved  and 
the  sesquioxide  remains  as  a  black  mass  (Berzelius).  Molyb 
denam  sesquioxide  is  likewise  obtained  in  the  fonn  of  a  grey 
metallic  powder  by  strongly  igniting  the  trioxide  in  a  current 
of  hydrogen.^  It  is  insoluble  in  acids,  and  even  the  hydroxide 
dissolves  only  with  difficulty. 

JTic  Salts  of  the  Si-gquioxiJc  are  black  or  of  a  dark  purple  colour 
in  concentrated  solution,  but  wlien  diluted  they  are  transparent 
and  of  a  purple  tint.  In  the  solid  form  the  sesqui-salts  are 
dark-grey  or  black.  They  have  a  styptic  taste,  oxidize  slightly  on 
exposure  to  the  air,  are  precipitated  by  alkalis  with  formation 
of  the  hydroxide,  and  give  a  brown  precipitate  with  sulphide 
of  ammonium  soluble  in  excess  of  the  reagent.  Sulphuretted 
hydrogen  also  precipitates  them,  though  slowly,  I'hosphate  of 
soda  produces  a  brownish-black  precipitate. 

Molybdenum  Sc.<iq2ciihlorid<\  Mo.^Cl,,,  is  formed  when  the 
pure  pentachloride  is  volatilized  in  a  current  of  carbon  dioxide, 
the  tube  l>eing  heated  strongly  at  one  point  only.  Tlie 
sesquichloride  deposits  as  a  copper-red  crystalline  crust.'  If  the 
pentachloride  be  heated  in  a  current  of  hydrogen  to  250°  the 
sesquichloride  is  also  obtained  in  a  form  closely  resembling  red 
phosphorus  (Liechti  and  Kempe).  Heated  in  the  air  it  forms 
a  white  woolly  sublimate,  wliilst  impure   dichloride  remains 

'  Svanberg  and  Strove,  PhU.  Mag.  [8],  xxx.  40»-624. 
*  Blomstnind,  Journ.  Pract.  Chem.  Ixxrii.  9& 
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behind.  It  is  insoluble  in  cold  water  and  is  decomposed  by 
boiling  water.  It  likewise  does  not  dissolve  in  liydrochloric  acid, 
though  it  is  easily  soluble  in  hot  nitric  acid,  whilst  sulpbunc 
acid  dissolves  it  with  a  blue  colovir  which  on  heating  becomes 
green.  If  the  hydroxide  be  dissolved  in  hydrochloric  acid  a 
brown  liquid  is  obtained  which  on  evuporation  dries  to  a 
black  pitch-like  ma-ss. 

Molyhdcnum  Sesqiivbromide,  MojBrg,  is  formed  by  the  action 
of  bromine  vapour  on  the  heated  metaL  It  sublimes  in  a 
mass  of  fine  blackish-green  needles  which  are  insoluble  in 
water  tl»oui;h  soluble  in  cold  dilute  nitric  and  iu  boilin:»  hytlro- 
chloric  acid.  On  boiling  with  alkalis  the  hydroxide  ia  formed 
(Blomstrand). 

447  Mohjhdcmim  Biovitk,  MoOj,  is  formed  when  the  metal  or 
the  sesquioxide  is  gently  heated  in  a  current  of  air.  If  sodium 
trimolybdate  be  ignited  for  some  hours  in  a  current  of  hydrogen, 
and  the  residue  treated  with  water,  the  dio.xide  remains  behind 
in  the  form  of  a  powder,  having  a  brass-yellow  colour.'  II'  this 
salt  be  fused,  and  then  heated  with  one-third  ita  weight  of 
zinc  in  small  pieces,  and  the  melted  nuiss  first  treated  with 
caustic  potash,  and  then  with  hydrochloric  acid,  the  same  com- 
pomid  is  obtiiined  in  the  form  of  dark-blue  prisms  resembling 
sulilinied  indigo,  wliich  appear  of  a  violet-red  colour  by  trans- 
mitted light.''  It  is  not  attacked  by  caustic  potash  or  hydro- 
chloric acid,  but  when  heated  with  nitric  acid  or  on  ignition 
in  a  current  of  steam,  it  is  converted  into  the  trioxide. 

Molyhdic  TdraJnidroiddc  Mo(OH),,  is  obtained  when  a  solution 
of  the  pentachloride  or  of  ammonium  molybdenum  tetrachloride 
ide  is  jirecipitfited  with  ammonia.  On  drying,  the  precipitate 
has  a  dark -red  colour;  it  dissolves  slowly  in  water,  yielding  a 
yellow  or  dark-red  solution  which  reddens  litmus,  has  a  some- 
what acrid  and  metallic  taste,  and  is  jji-ecipitated  on  the  addition 
of  salts.  In  closed  vessels  it  decomjioses  after  some  time,  form- 
ing a  transparent  jelly.  The  ignited  dioxide  does  not  dissolve 
in  aqueous  acids,  although  tlie  hydroxide  does  so. 

The  Sails  of  the  Dioxide  are  formed  when  an  excess  of  molyb- 
denum is  treated  with  the  corresponding  acid,  and  then  the 
requisite  quantity  of  nitric  arid  added.  The  concentrated  solu- 
tions are  black,  and  on  dilution  they  become  of  a  bluish- 
green,  greenish-yellow,  dark-red,  and  lastly  yellow  colour.    On 

'  Svanborg  mid  SInive.  Joimi.  Pmrkt.  C/iem.  xliv.  257. 
'  UlUk,  Ann.  Chem.  riiarm.  cxliv.  204. 
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exposure  to  the  air  they  absorb  oxygen  and  become  blue,  whilst 
■with  zinc  they  give  a  black  precipitate  of  Mo^(OH)g.  With 
alkalis  they  yield  a  reddish-brown  precipitate,  and  suliihiiretted 
hydrogen,  and  sulphide  of  ainuiouiuin,  give  the  same  reactions 
vrith  them  as  with  the  preceding  salts. 

Mohibdcnum  TdrachlorUif,  M0CI4,  is  obtained  together  with 
the  dichloride,  as  has  been  stated,  by  heating  the  sesquichloride 
in  an  atmosphere  of  carbon  dioxide.  The  tetrachloride  volatilizes 
as  a  dark  j'ellow  vapour  which  condenses  to  a  brown  crystal- 
line powder.  Wien  exposed  to  the  air  it  becomes  of  a  bluish- 
green  colour  and  deliquesces  to  a  brown  liquid.  It  is  only  slowly 
sohible  in  hydrochloric  acid,  and  dissolves  in  concentrated 
sulphuric  acid  witii  a  bluish-green  colour. 

Moli/bdcnum  Tetrahromidc,  lIoBr^,  is  formed  in  small  quantities 
in  the  preparation  of  the  sesquibromide  ns  black  glistening 
needles  which  fuse  when  heated,  volatilizing  in  brownish- 
red  vapours.  These  readily  decompose  into  bromine  and  dibro- 
mide,  and  in  presence  of  air  the  compound  deliquesces,  forming 
a  dark  liquid,  giving  with  more  water  a  yellowish-brown  solution. 

Molybdenum  Tetraiodide,  Mol^.  The  hydroxide  dissolves  in 
hydriodic  acid,  giving  a  red-coloured  solution,  which  on  spon- 
taneous evaporation  yields  crj'stals  which  transmit  red  light  and 
appear  brown  by  reflected  light. 

JJolyhdenum  Pcnta chloride,  lIoCl,.  This  is  the  highest 
clJoride  of  molybdenum,  but  it  corresponds  to  no  known  oxide. 
It  is  formed  by  heating  molybdenum  or  molybdenite  in  dry 
chlorine  for  some  time,  when  bright  metallic  glistening  black 
crystals  are  formed  which  melt  at  104°  and  boil  at  208°,  giving 
a  ilark-red  vapour  which  has  a  specific  gravity  of  94  to  953.^ 

I  The  compound  fumes  on  exposure  to  moist  air  and  becomes  of 
a  bluish-green  colour,  gradually  deliquescing  to  a  brown  liquid 
which  on  dilution  wnth  water  becomes  colourless.  Absolute 
alcohol  and  ether  yield  green  solutions,  and  the  chloride  also 
dissolves  in  hydrochloric  acid  with  evolution  of  heat. 


OXYCHLORIDES  OF  MOEYBDENUM. 


448  Molyhdcnum  Monoxyiitrachloride, 'iloOC\.  This  compound 
is  formed  by  the  action  of  chlorine  on  a  moderately-heated  mix- 
tare  of  carbon  and  molybdenum  dioxide.  It  forms  a  dark-green 
»  Debray,  Compt,  Rend.  livi.  732. 


crystalline  mass  or,  if  obtained  at  a  higher  temperature,  light- 
preen  plates  having  a  metallic  lustre.  It  melts  and  evaporates 
below  100°,  solidifying  to  a  green  glistening  mass  and  yielding 
a  dark-red  vapour.  It  is  readily  decomposed  by  water, 
ileliquescing  in  moist  air  to  a  blue  liquid,  and  this  on  addition  of 
water  gives  a  blue  precipitate  which  becomes  brown  in  presence 
of  ammonia.  As  this  decomposition  by  water  eventually 
yields  the  blue  oxide,  Blomstrand '  gives  to  this  compound  the 
complicated  formula  JIojO^Cl^j,  but  its  easy  volatility  does  not 
support  this  formida. 

a-Mohjhdcnum  Dioxydichloride,  MoOjCl^  This  compound 
was  firat  supposed  to  be  molybdenum  hexachloride,  until  H. 
Eose  ascertained  its  true  composition.  It  is  formed  by  passin<; 
chlorine  over  the  heated  dioxide,  when  it  sublimes  as  au 
amorphous  mass.  The  same  compound  is  also  formed  as  a 
last  oxidation-product  when  the  chlorides  of  molybdenum 
are  heated  in  the  air.  It  can  be  fused  only  in  closed  vessels, 
and  forms  with  water  a  colourless  solution  wiiich  has  a  bitter 
acid  taste. 

p-Mohjhdenuvt  Dio.cydichloridc,  JIoO.^Cl,.  This  compound, 
iaomeric  with  the  foregoing,  is  formed  when  molybdenum 
sesquioxypeutachloride,  a  compound  about  to  be  described,  is 
repeatedly  sublimed  in  absence  of  air,  the  compound  being 
obtained  ia  thin  yellow  transparent  quadratic  tablets.  "WHien 
the  mixture  of  the  preceding  compound  and  the  sesquioxypenta- 
chloride  is  gently  lieated  until  the  whole  of  the  fusible  portion 
is  removed  and  the  residue  sublimed,  the  /9-compound  is 
obtained  in  the  form  of  large  and  thick  honey-yellow  crystals,' 
which  on  repeated  sublimation  pass  into  the  amorphous 
a-compound.  These  two  isomeric  oxychlorides  correspond  to 
the  chromyl  chlorides,  and  hence  may  be  termed  molybdenyl 
chlorides. 

Molybdenum  Sesquioxj/pentachloride,  MojOjClj.  This  com- 
pound is  formed  togetlier  with  the  amorjjhous  molybdenyl 
chloride  by  heating  the  sesquichloride  in  a  current  of  chlorine. 
It  may  be  [mrified  by  slow  sublimation  in  a  cun-ent  of  hydrogen, 
and  is  thus  obtained  in  dark-brown  translucent  well-formed 
prisms  which  probably  belong  to  the  rhombic  system.  It  fuses 
easily  and  volatilizes  as  -a  reddish-brown  vapour.  Heated  in 
contact  with  air  it  decomposes  first  into  /S-MoOjjCl,,  and  then 

'  Jmtm.  Praet.  Chem.  Ixxi.  460. 

*  Ulomstruid,  Joum.  Pract.  Chem.  bud.  460. 
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into  a-MoOjClj.     In  moist  air  it  deliquesces,  forming  a  bine 
liquid. 

Moli/bdcnumScsquio.vykcxacJtlon'ifc,  MOjOgClg,  is  usually  formed 

together  with  the  green  oxychloride,  MoOCl^  and  crystallizes  in 

I  well-formed  dark-violet  prisms  which   are  ruby-red  by  trans- 

[mitted  light  and  which  volatilize  at  a  high  temperature  without 

fusion.     It  dissolves  readily  in  water  with  evolution  of  heat,  a 

white  precipitate  separating  out  which  is  soluble  in  a  larger 

^K  quantity  of  water. 

^M  Molyhdenum  O-cybromidc  or  Molyhdenyl  Bromide,  MoO^Brg, 
^■is  formed  when  bromine  vapour  is  passed  over  the  heated 
^^  dioxide,  or  when  a  mixture  of  molybdenum  trioxide  and  boron 
trioxidc  is  heated  with  bromide  of  potassium  : 


I 


^^  tnoj 


M0O3  -f-  BjjOj  -I-  2KBr  =  MoOgBr,  +  }s^fi^. 


» 


¥ 


Tt  forms  yellow  tablets  which  deliquesce  on  exposure  to  air. 

Mdyhdmum  Oxyjlvoridc,  MoO^F^,  is  only  known  in  aqueous 
solution  obtained  by  dissolving  the  trioxide  in  hydrofluoric  acid. 
It  forms  double  salts  with  the  other  fluorides  of  which  many  are 
soluble  and  cr}'stallizable.  They  are  prepared  by  dissolving  the 
normal  molybdates  in  hydrofluoric  acid.  Acid  salts  are  also 
known  which  are  obtained  by  the  solution  of  the  polymolyb- 
dates  in  hydrofluoric  acid  (Delafontaine). 

Potassium  Mohjhdic  Oxi^fluaridc,  K^MoOgF^  +  H^O,  forms  small 
triclinic  crystals  which  are  permanent  in  the  air  and  can  be  re- 
crj'stallized  from  hot  water.  The  acid  salt,  Kj(FjMoOj)2  -I-  2U2O, 
forms  silky  prisms  which  emit  hydrofluoric  acid  on  exposure 
to  air. 
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449  Mohjhdenum  Trioxidc,  MoO,,  occurs  as  molybdic  ochre  in 
crystalline  or  fibrous  masses,  as  weU  as  in  an  earthy  powder  or 
incrustation.  It  usually  occurs  together  with  molybdenite,  and 
has  probably  been  formed  by  its  oxidation. 

In  order  to  prepare  the  trioxide  in  the  pure  state  on  the  small 
scale  the  native  sulphide  may  be  heated  in  a  combustion  tube 
in  a  current  of  air  until  it  is  all  oxidised,  and  the  trioxide 
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sublimed.'  On  the  larger  scale  it  may  be  obtained  by  mixing 
the  same  powdered  mineral  with  an  equal  weight  of  pure  quartz 
Band  and  roasting  the  mixture  on  a  flat  iron  plate.  The 
roasted  product  is  then  boiled  with  dilute  ammonia,  and 
a  small  quantity  of  sulphide  of  ammonium  added  to  the 
sohition  in  oi-der  to  precipitate  the  copper.  The  filtered  liquid 
IS  then  evaporated  to  dryness,  and  the  residue  again  dissolved 
in  dilute  ammonia.  Crystals  of  ammonium  molybdate  are 
obtained  from  the  filtrate  on  concentration.  These  are  decom- 
posed by  nitric  acid,  evaporated  to  dryness,  and  the  residual 
trioxide  well  washed  with  water.  Molybdenum  trioxide  can 
also  be  obtained  from  native  lead  molybdate  by  first  treating 
the  mineral  with  dilute  hydrochloric  acid  in  order  to  remove 
iron,  zinc,  &c.,  then  decomposing  it  with  hot  concentrated  hydro- 
chloric acid,  evaporating^  do^vn  and  digesting  with  dilute 
ammonia,  when  ammonium  molybdate  remains  in  solution  and 
can  be  crystallized  out  as  has  already  been  described.* 

Thus  prepared  molybdenum  trioxide  is  a  white  impalpable 
powder,  which  when  heated  becomes  yellow ;  it  melts  at  a  red-heat 
to  a  dark  yellow  liquid,  which,  on  cooling,  solidifies  to  a  yellowish- 
white  fibrous  crystalline  mass,  having  a  specific  gravity  of  4"39 
(Schafarik).  It  volatilizes  at  very  high  temperatures  when 
heated  in  closed  vessels,  but  in  the  air  it  sublimes  more  easily, 
depositing  small  colourless  transparent  rhombic  tablets.  It 
dissolve."  in  500  parts  of  cold,  and  in  about  9G0  parts  of  hot 
water.  Tlio  solution  reddens  litmus  paper,  turns  tm-meric  paper 
brown,  and  possesses  a  sharp  metallic  taste. 

Molyhdic.  Acid,  H^MoO^  +  HjO,  crystallizes  out  in  3'ellow 
crusts  when  a  solution  of  three  parts  of  ammoniun  molyb- 
date is  dissolved  in  twenty  parts  of  water,  and  the  same 
quantity  of  nitric  acid  of  specific  gravity  I'lG  is  added  to  the 
solution  and  the  whole  allowed  to  stanti  The  deposition  of 
the  acid  frequently  takes  place  only  very  slowly,  and  the 
addition  of  a  crystal  of  the  compound  renders  ita  separation 
more  easy.* 

AVhen  the  solution  of  the  trioxide  in  nitric  acid  is  allowed  to 
evaporate  spontaneously  a  "white  crystalline  powder  separates, 
which  on  heating  loses  water  (Berzelius).  This  probably  con- 
sists of  the  anliydrous  acid,  U^MoO^,  which  was  once  obtained 


\ 
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Wiililer,  Ann,  Chen,  Pharm.  c.  37fi.  '  Wbhier,  SUneralanaljix, 

*  Gmcliu-Knnt,  ii,  171. 


by  Ullik  in  the  form  of  thin  prismatic  crystals  by  the  decom- 
position of  magnesium  molybdate  with  nitric  acid. 

Collodial  MnbjMic  Add.  \Vlien  the  hydrochloric  solutto!i  of 
ammonium  molybdate  is  dialysed,  a  yellow,  strongly  acid, 
astringent  solution  of  molybdic  acid  remains  behind,  and  this, 
on  evaporation,  j'ields  a  deliquescent  gummy  mass  (Graham).' 

Soluble  Molyhdic  Acid.  If  ordinary  molybdate  of  ammonia  be 
precipitated  with  barium  chloride,  and  the  washed  precipitate 
lecomposed  with  the  exact  quantity  of  sulpliuric  acid,  a  colour- 
less liquid  is  obtained,  possessing  an  acid  reaction  and  a  metallic 
taste.  This  when  dried  over  sulphuric  acid  solidifies  to  an 
imorphous  mass,  possessing  a  blue  colour,  owing  to  reduction, 
id  is  readily  soluble  in  water,  especially  when  shghlly  warmed. 

Molybdenum  trioxide  not  only  combines  with  basic  oxides  to 
'form  molybdates,  some  of  which  possess  very  complicated  con- 
stitutions, but  it  also  acts  as  a  base  towards  certain  acids 
forming  definite  compounds.  Thus,  for  instance,  when  hydro- 
chloric acid  gas  is  passed  over  molybdenum  trioxide  at  a 
emperature  of  150°  to  20U',  a  white  crystalline  very  volatile 
compound,  M0O3  +  2HC1,  is  formed.  This,  which  is  probably 
be  hydroxycldoride  MoO(OH)^C]j,  is  easily  soluble  iu  water  and 
lecfjmposes  into  its  constituents  when  strongly  heated.     Again. 

a  solution  of  the  trioxide  be  evaporated  with  concentrated 
Sulphuric  acid,  colourless  glistening  crystals  separate  out  having 
llie  composition  MoSO,,  =  MoOgSOy  These  on  heating  emit 
sulphur  trioxide  and  deliquesce  on  exposure  to  the  air. 


THE  MOLYBDATES. 


450  Potassium  Moli/bdak,  KoiloO^,  is  obtained  by  fusing 
molybdenum  trioxide  and  carbonate  of  potash  together  in  the 
ight  proportions.  If  the  fused  mass  be  dissolved  in  hot  water, 
the  solution  allowed  to  cool,  and  the  filtrate  evaporated  over 
sulphuric  acid,  the  salt  crystallizes  out  in  small,  usually  micro- 
Bcopic,  four-sided  prism.s,  which  are  easUy  soluble  in  water. 
F'Whcn  hydrochloric  acid  is  added  drop  by  drop  to  a  solution  of 
molybdenum  trioxide  in  carbonate  of  potash  until  a  permanent 
turbidity  is  produced,  a  salt  separates  on  standing,  having  the 
composition  K^MojOn^-f-iHoO.*    This  crystallizes  in  monoclinic 

>  Chrm.  Soc.  Jouni.  xviL  326. 

*  Delafontaine,  If.Arch.Sc.  Phyt.  Kat.  xxiii.  6,  xxx.  233. 
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prisms,  and  is  decomposed  ty  water  with  formation  of  the 
uormal  and  the  following  salt. 

Potamvin  TrimoIyMatc,  K.,Mo,0,o+3Il20,  forms  pliable  silky 
needles  which  dissolve  slowly  in  cold,  but  more  rapidly  in  hot 
water.  If  the  salt  be  dissolved  in  niolybdic  acid  prepared  from 
barium  molybdate  a  crystalline  precipitate  is  formed,  which  dis- 
solves in  hot  water,  and  the  solution  on  cooling  deposits  glistening; 
crystals  having  the  composition  K^Mo^Ojj+GHjO. 

Sodium  Molybdate,  Na»AIo04,  is  formed  when  the  trioxide  and 
carbonate  of  soda  are  fused  together  in  the  proper  proportions. 
The  mass  is  dissolved  in  water,  and  evaporated  to  crj-stalliza- 
tiou,  when  small  acute  rhonibohedrons  separate  out,  having  the 
composition  Na^JIoO^-l-SH^O.  If  a  concentrated  solution  he 
allowed  to  crj'stallize  below  6°,  long  prisms  of  the  salt,  Na-jMoO, 
4-  lOII.^O,  having  the  appearance  of  glauber-salt,  are  deposited, 
and  these  lose  moisture  and  pass  into  the  foregoing  compound 
on  exposure  to  air. 

Sodium  Dlmolyhdate,  "iiia^lojd.,  is  formed  when  sodium 
carbonate  is  fused  with  twice  as  much  trioxide  as  is  needed  to 
form  the  foregoing  salt.  The  crystalline  mass  falls  to  pieces 
under  water  with  formation  of  small  needles  which  dissolve 
with  dKTiculty  in  cold,  and  only  slowly  in  hot  water. 

Tlie  salt  Xa^jMojOj,  +  22H2O,  wliich  crystallizes  in  large, 
glistening  monoclinic  prisms,  is  obtained  when  the  calculated 
quantity  of  the  trioxide  is  dissolved  in  sodium  carbonate  and 
the  solution  allowed  to  evaporate  spontaneously.  It  effloresces 
on  exposure,  and  when  heated  in  the  air  fuses  in  its  own  water 
■of  crystallization,  which  is  given  off  at  a  higher  temperature. 
WHien  more  strongly  heated  it  melts  with  formation  of  the 
anhydrous  salt,  solidifying  on  cooling  (o  long  needles  wliich  are 
easily  soluble  in  hot  water,  from  which  solution  the  original 
crystals  can  again  Tje  obtained. 


Sodium  Ti-imolyhdale,  NaoMo^Oj,,  +  7HjO,  is  formed  in  a 
similar  way  to  the  foregoing  salt,  and  crystallizes  in  very  fine 
needles.  One  hundred  parts  of  water  dissolve  at  20°  3'878,  and 
at  100°  137  parts  of  the  salt. 

Sodium  Tetramohjhdate,  Na2Mo40j3+llHjO.  This  is  obtained 
by  the  action  of  the  calculated  quantity  of  hydrochloric  acid  on 
the  normal  salt,  and  forms  crusts  consisting  of  small  glistening 
crystals  wliich  dissolve  with  difficulty  in  cold,  but  readily  in 
hot  water. 

The  acid  salt,  IINaMo^O,3  +  8HjO,  which  is  obtained  in  a 


i 
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similar  way  by  the  action  of  more  hydrochloric  acid,  fomis  long 
glistening  momiclinic  crystals  which  are  readily  soluble  in  water, 
and  effloresce  on  exposure  to  air. 

Sodium  Odomoli/Mate,  Na^MogOjj  +  4H.,0,  is  farmed  as  a 
white  jjowder  by  the  action  of  a  solution  of  sodium  carbonate 
on  the  acid  salt  HNaMOgOjj  +  4H2O,  which  latter  salt  is 
obtained  by  boiling  the  normal  sodium  molybdate  with  nitric 
acid,  and  also  forms  a  white  or  yellowish  powder 

Stxlnnn  Dccainoli/bdak,  NajMojnOj^  +  I2H2O,  is  a  white 
crj'stalline  i)Owder  obtained  by  heating  the  normal  &ilt  in  a 
water-bath  with  sufficient  hydrochloric  acid  to  saturate  the 
requisite  quantity  of  sodium.  It  is  dilHcultly  solultle  in  water. 
If  soluble  molybdic  acid  be  dissolved  in  the  requisite  quantity 
of  80<lium  carbonate,  the  salt  Na^Moj^Oji  +  2IH2O,  crystallizes 
in  monoclinic  prisms,  and  is  soluble  in  cold  water  without 
decomposition. 

451  Ammmiium  Molyhdate,  (NH^)jMo0^i8  produced  when  the 
trioxide,  or  an  ammonium  polymolybdate,  is  heated  with  excess 
of  concentrated  ammonia.  It  crystallizes  in  four-sided  prisms 
which  are  decomposed  by  water.  On  evaporation  of  the  solution 
of  the  trio.xide  in  ammonia  the  ordinary  molyhdate  of  ammonia, 
(Nn^)„Mo;02^-|-4H,0,  crystallizes  out  in  large  colourless  six- 
sided  monoclinic  prisms. 

Amvioniuin-  Dimolyhdak,  (NH^)2MojOj,  separates  out  on 
evaporating  the  mother-liquor  of  the  normal  salt  in  the  form 
of  a  white  crystalline  powder. 

Ammonium  Trimolyhdate,  (^'S.^^lofi^f^  -(-  H,0,  frequently 
occurs  by  the  decomposition  of  a  solution  of  the  ordinary  salt 
at  a  low  temperature,  when  it  separates  out  in  silky  needles 
difficultly  soluble  in  cold-  but  readily  so  in  hot-water. 

Calcium  Molybdate,  CaMoO^,  is  obtained  by  precipitating  a 
solution  of  the  ordinary  ammonium  salt  containing  an  excess 
of  ammonia  with  calcium  chloride.  It  forms  a  white  precipi- 
tate consisting  of  microscopic  quadratic  pyramids.  If  calcium 
carbonate  be  boiled  with  an  excess  of  the  trioxide  and  water, 
and  the  solution  allowed  to  evaporate  spontaneously,  calcium 
frimolybdalc,  CaMojOj^  -t-  6H0O,  is  deposited  The  salt 
H„CaMogOaj  +  ITHoO  ciystallizes  from  a  solution  of  the  normal 
salt  in  the  requisite  quantity  of  hydrochloric  acid.  It  is  de- 
posited in  small  oblique  glistening  prisms  which  are  scarcely 
soluble  in  cold  but  readily  dissolve  in  hot  water. 

Barium  Molyldate,    BaMoO^,    is    a    crystalline    precipitate 


difficultly  soluble  in  acids.  It  is  obtained  in  quadratic  prramids 
by  fui?ing  together  sodium  molybdate,  barium  chloride,  and 
comnioa  salt. 

When  the  ordinary  ammonia  salt  is  precipitated  with  barimn 
RhloriJe  a  flocculent  precipitate  of  BajMojOj,  +  9HjO  is  thrown 
down,  which  is  slightly  soluble  in  water.  A  compound,  BaMOjOj^ 
+  3H,0,  having  properties  similar  to  the  lapt  salt,  is  obtained  by 
precipitating  a  soluble  trimolybdate.  When  barium  carbonate 
ia  dissolved  in  soluble  molybdic  acid  and  the  solution  allowed 
to  stand,  oblique  prisms  of  the  salt  IIjBaMogO^  +  17H,0  are 
deposited;  and  if  the  normal  salt  be  treated  with  dilute  nitric 
acid  the  compound  BailOuOjg  +  4H,0  is  formed.  This  is  in- 
coluble  in  water  and  is  not  completely  decomposed  by  acids, 
not  even  by  sulphuric  acid. 

Magntsium  Mohjhdale,  MgMoO^  +  olIjO,  is  obtained  by  boiling 
magnesia  with  water  and  molybdenum  trioxide,  and  evaporating 
the  solution,  when  the  salt  separates  out  in  long  glistening  trans- 
pai-ent  prisms.  Magnesium  molybdate  forms  with  the  molybdates 
of  potassium  and  sodium  double  salts  such  as  KjMoO,  +  MgiloO, 
+  2ITjO,  which  appear  to  be  isomorphoas  with  the  corresponding 
manganese  and  ferrous  salts. 

Lead  Molyhdatc,  PbMoO^.  This  occurs  native  as  wulfenite 
in  orange-red  transparent  quadratic  tables  and  octohedrons 
which  have  a  specific  gravity  varying  from  6  to  7.  When  one 
part  of  sodium  molybdate  is  fusetl  with  six  parts  of  lead 
chloride  and  four  of  sodium  chloride  in  a  closed  crucible, 
bright-yellow  translucent  pjTamids  or  tables  of  the  artificial 
compound  are  obtained,  which  have  a  specific  gravity  of  6'811.* 
If  a  solution  of  a  molybdate  be  added  to  lead  nitrate  the  same 
compound  is  also  obtained  in  the  form  of  a  white  precipitate 
which  melts  at  a  very  higli  temperature.  AVe  are  not  acquainted 
with  any  other  lead  molybdate. 

Molyhdcnum  Molyhdaks  or  Blue  Oxides  of  Mohjhdcnuvi.  When 
the  metal  or  a  lower  oxide  of  molybdenum  is  exposed  for  a 
lertain  time  to  the  air  a  black  mass  is  obtained,  which,  accord- 
ing to  Eerzelius,  has  the  composition  MojjOjj  =  4M0O2  +  MoOy 
If  molybdate  of  ammonia  be  heated  with  molybdenum  trioxide 
to  its  melting-point,  a  violet-blue  metallic  lustrous  powder  of 
MojOg  =  MoOj  +  2M0O3  is  obtained.  This  compound  may 
likewise  be  prepared  by  electrolysis  of  the  fused  trioxide  when  it 
forms  in  a  crj'stalline  mass  which  has  a  copper-red  colour,  and 

•  Schultze,  Ann.  Clum.  Pharm.,  cxxvi.  49;  Manro3»,  ibid,  Ixxxii.  358. 
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comes  blue  on  exposure  to  the  air.  On  heating  this  com- 
pound a  blue  powder,  MOjOj  =  SIoOj  +  MoO,,  remains  beliind 
(Wohler  and  Buff). 

Hydroxides  corresponding  to  the  above  are  formed  when  the 
ftetal  or  molybdenum  tetrahydroxide  is  moistened  with  water 
and  exposed  to  the  air,  or  when  a  solution  of  the  tetrachloride 
precipitated  with  ammonium  molybdate,  as  also  when  the 
^(Irochloric  acid  solution  of  a  molybdate  is  heated  with  sugar 
and  precipitated  with  common  salt.  The  precipitate  thus 
Jtained  has  a  dark-blue  colour,  and  is  soluble  in  water,  to 
^liich  it  imparts  a  bitter  metallic  taste. 
452  Phofjihomoli/bdicAcid,  2H3PO^+  22M0O3.  This  remarkable 
[impound  is  obtained  by  boiling  its  ammonium  salt  with  aqua- 
ia.  On  evaporating  the  solution  it  deposits  in  yellow  tri- 
linic  prisms  which  contain  twenty  molecules  of  water.  These 
lissolve  very  reatlily  in  water  and,  on  spontaneous  evaporation, 
ibes  containing  fifty  molecules  of  water  of  crystallization 
eparate  out,  whereas  from  a  very  concentrated  nitric  acid 
Dlution  rhombic  crj'stals  are  deposited,  which  contain  40 
raolecules  of  water.  According  to  I  >ebray,'  who  has  recently 
jvestigated  this  acid  and  its  salts,  it  only  contains  20  MoO.,. 
le  recent  investigations  of  Kammelsberg,'  however,  confirm 
le  formula  given  above. 

FotaMium    Phosphomolyhdxite,   2Vi^V0^  +  22M0O3  +  12H/J, 

obtained  by  boiling  the   ammonia  salt  with  caustic  potash 

by  mixing  the  acid  with  solution  of  a  potash  salt,  when 

is    deposited    in    four-sided    prisms    almost    insoluble    in 

rater. 

Ammmivm     Plmplwmolyhdatc,     2  (NHj)g?0^  -f-  22  M0O3  + 

^2HjO.      Thi«  salt   was  discovered  by   Gmeliu,'  but   Sonnen- 

Bchein*  was  the  first  to  notice  that  tliis  compound  contained 

j>hosphoric  acid  as  an  essential  constituent.     It  is  formed  when 

.  solution  of  a  molybdate  is  mixed  with  ammonia,  and  a  small 

Quantity  of  phosphoric  acid  in  nitric  acid  solution  addpd,  or 

rhen  the  free  acid  is  added  to  a  strongly  acid  solution  of  the 

imonia  salt.     Under  these  circumstances  a  canary-coloureil 

fellow  powder  is  thrown  down.     Pyro-  and  meta-phosphatcs  do 

not  yield   this  precipitate;   it  is  only  formed  when  they  are 

converted  into  orthophosph.ates.     "Wlien  this  change  takes  place 

slowly  the  compound  is  obtained  in  glistening  yellow  cry.stal8 


"  Ormpl..  Send.,  \xvi.  702. 
*  Uaiulbook,  Tol.  iv.  CS. 


*  Ser.  DeutMh.  Chem.  Oft.,  x.  1778. 

*  Jotim.  Prack.  Chtn.,  liii.  842. 
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(Debray).^  It  is  almost  insoluble  in  water  and  in  dilate  acida. 
It  h  also  insoluble  in  nitric  acid  solution  of  ammonimu  niolyb- 
date.  Tlie  presence  of  bydrocbloric  acid  and  chlorides,  as  well 
as  of  many  organic  acids,  with  the  exception  of  acetic  acid, 
retard  the  formation,  whilst  in  presence  of  an  excess  of  phos- 
phoric acid  no  precipitation  occurs. 

It  is  easily  soluble  in  alkalis,  and  the  amnioniacal  solntioo 
crystallises  spontaneously  in  long  glistening  prisms  or  needles 
having  the  composition  (NH4)j(P0^j  +  SiloO,  +  7HjO.  These 
are  ditticultly  soluble  in  cold,  but  readily  soluble  in  hot  water, 
yielding  a  slightly  acid  licjuid. 

Phosphomolybdic  acid  also  precipitates  strongly  acid  solutions 
of  the  salts  of  rubidium,  caesium,  tliallium,  and  the  organic  alka- 
loids, but  not  solutions  of  sodium  or  lithium  salts.  The  heavy 
metals  are  also  not  precipitated  il"  a  sufficient  amount  of  free 
acid  be  present.  This  acid  is  used  as  a  reagent  for  the  alkaloids, 
or,  in  place  of  this,  a  liquid  prepared  by  saturating  a  solution 
of  sodium  carbonate  with  molybdenum  trioxide,  and  adding  one 
jiart  of  phosphate  of  soda  to  every  part  of  tlie  trioxide,  may  be 
employed ;  this  solution  is  evaporated  to  dryness,  the  residue 
fused,  dissolved  in  water,  filtered,  and  nitric  acid  added  until 
the  liquid  becomes  yellow. 

MOLYBDENUM  AND  SULPHUR, 


453  MolyMcnnm  Disiilphide,  MoSj,  is  found  native  as  moly- 
bdenite in  Sweden,  Norway,  Bohemia,  Saxony,  the  Urals,  at 
Caldbeck  Fells  in  Cumberland,  in  Connecticut,  California, 
and  elsewhere.  It  comraouly  occurs  in  foliated  masses  or  in 
scales,  and  sometimes  in  tabular  hexagonal  prisms,  its  general 
appeamiice  being  very  similar  to  that  of  graphite,  possessing 
a  metallic  lustre  and  pure  lead-grey  colour,  and  leaving  a 
grey  trace  ou  paper.  Molybdenite  generally  occurs  embedded 
in  or  disseminated  through  granite,  gneiss,  zirconsyenite, 
gnuudar  limestone,  and  other  crystalline  rocks. 

When  the  trioxide  is  fused  with  sulphur,  or  heated  in  a  current 
of  sulphuretted  hydrogen,  the  same  compound  is  obtained  in  the 
form  of  a  glistening  black  powder,  easily  distinguished  from 
graphite  by  the  fact  (hat  when  heated  before  the  blow})ipe  it 
is  incombustible  and  infusible,  and  that  it  oxidises  when  heated 


>  Comptes  R-ndus,  Ixvi,  702. 
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in  the  air  with  evolution  of  sulphur  dioxide,  and  formation  of 
molybdenum  trioxidc,  srnd  is  readily  oxidised  by  nitric  acid  and 
aqua-regia. 

Mol ijhiifnum  TrisiUphide,  MoS,,  is  formed  when  sulphuretted 
hydrogen  is  passed  into  the  concentrated  solution  of  a  molybdate, 
and  hydrocliloric  acid  abided  to  the  liquid.  It  may  likewise  be 
prepared  by  boiling  the  molybdiite  of  an  alkali  metal  for  a  short 
time  with  sulphide  of  ammonium,  and  then  precipitating  with 
dilute  sulphuric  acid.  Thus  obtained  it  is  a  reddish-brown 
precipitate  which  dries  to  a  blackish-brown  powder.  On  heating 
in  absence  of  air  it  splits  up  into  the  foregoing  compound  and 
sulphur.     It  combines  with  basic  sulphides  to  form  thio-salts. 

Fotassium  Thiamoltfhdate,  KjMoS^,  is  formed  when  potassium 
molybdate  is  saturated  with  sulphuretted  hydrogen.  On 
evaporating  the  solution  the  compound  crj'stallizes  out  in  ruby- 
red  four-  or  eight-sided  prisms  which  have  a  green  metallic 
lustre,  and  dissolve  in  water  with  a  yellowish-red  colour. 

Ammonium  Thiomohjbdute,  QsYi^Ji<\oS^,  is  obtained  by  dis- 
solving the  trisulphide  in  ammonium  sulphide,  and  crystallizes 
in  cinnabar-red  scales. 

Molyhtcnvm  Tiiramlphide,  ^loS^.  This  substance  forms 
compounds  with  many  metallic  sulphides  known  as  the  pcr- 
thiomolylnhUcs.  Hydrochloric  acid  throws  down  from  their 
solutions  a  fine  red  precipitate  which  diies  to  a  mass  having 
a  metallic  lustre.  This  when  heated  in  a  retort  first  evolves 
water  and  afterwards  sulpliur  dioxide,  and  lastly  sulphur,  the 
disulphide  remaining  beliiud. 

Potassium  PoihiomoliiHatc,  KjMoSg,  is  obtained  by  boiling 
a  solution  of  potassium  molybdate,  which  has  been  saturated 
with  sulphuretted  hydrogen,  and  niolybtlenum  disulphide 
together.  It  forms  small  ruby-red  transparent  scales,  and  is 
with  difficulty  soluble  in  water. 


MOLYBDENUM  AND  PHOSPHORUS. 


MohjMcnnm  Phosphide,  MojPj,  is  obtained  by  strongly  heat- 
ing molybdenum  trioxide  and  metaphosphoric  acid  in  a  carbon 
crucible.  It  forms  a  grey  vesicular  mass  having  a  metalhc 
lustre  and  containing  crystals  in  the  cavities.  On  ignition  in 
the  air  it  oxidizes  slowly,  and  takes  fire  when  thrown  into  fused 
nitre. 
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Detection  and  Estimation  of  IMolybdencm. 

454  Molybdenum  trioxide  and  the  molybdates  may  be  de- 
tected iuasiniich  as  the  colourless  hydrochloric  acid  solution 
■when  brought  into  contact  with  zinc  becomes  of  a  blue,  yi-een. 
and  lastly  dark -brown  colour.  The  lower  o.xides,  as  well  as  their 
salts,  can  be  readily  transformed  into  the  molybdates  by  oxida- 
tioix.  Molybdenum  trio.xide  colours  the  blowpipe  Hame  a  yellow- 
ish green,  and  imparts  to  a  bead  of  borax  or  microcosmic  salt,  a 
fine  green  colour  in  the  reducing  flame.  Hydrochloric  or  nitric 
acid  produces  a  curdy  precipitate  in  solutions  of  a  molybdate 
when  not  too  dilute.  This  dissolves  in  an  excess  of  acid,  and  even 
in  a  large  quantity  of  water.  A  solution  of  aninioniura  molyb- 
date in  nitric  acid  becomes  yellow-coloured  on  the  addition  of  a 
few  drops  of  sodium  phosphate,  and  on  warming  a  heavy  yellow 
precipitate  separates  out.  If  some  zinc  be  added  even  to  a  very 
dilute  solution  of  a  molybdate,  and  then  hydrochloric  acid,  and 
a  concentrated  solution  of  potassium  thiocyanate,  the  \u\md 
becomes  of  a  deep  red  colour,  the  red  compound  being  dissolved 
on  shaking  up  with  ether. 

Molybdenum  trisulphide  is  slowly  precipitated  from  an  acid 
solution  by  sulphuretted  hydrogen,  and  it  dissolves  readily  in 
ammonium  sulphide.  When  the  .solution  containing  ammonium 
thio-molybdate  is  acidified  with  dilute  nitric  acid,  molybdenum 
trisulphide  is  thrown  down. 

In  order  to  estimate  niolybdenum  tpiantitativelt/  it  must  be 
obtained  as  a  neutral  molybdate,  which  is  then  precipitated  with 
a  neutral  solution  of  morcurous  nitrate.  Tlie  yellow  precipi- 
tate which  fidls  down  is  washed  with  a  solution  of  mercurous 
nitrate,  dried,  and  then  either  heated  in  a  stream  of  hydrogen, 
when  molybdenum  dioxide  is  formed,  or  it  is  ignited  with  a 
weighed  quantity  of  anhydrous  lead  oxide  until  all  the  mercury 
is  driven  off.  The  increase  of  weight  of  the  residue  gives  then 
the  amount  of  trioxide  present. 

The  alontic  ivciijlit  of  niolybdenum  was  first  accurately  deter- 
mined by  Duma.s,'  by  reducing  the  trioxide  in  hydrogen  :  as  a 
mean  of  six  experiments  he  arrived  at  the  number  9565.  The 
same  method  carried  out  by  Debray  *  gave  the  number  95  "70 
as  a  mean  of  three  experiments,  whilst  Lothar  Meyer'  calculated 

'  Ami.  Chiwi.  Phys.  [3],  Iv.  129.  »  Compt.  Btnd.  Ixvi.  732. 

'  Licbiij'i  Arm.  clziz.  360. 


TUNGSTEN. 


SOI 


the  number  95"86  from  analyses  of  the  chloride  made  hy  Liechti 
and  Kempe,  and  lastly  Eammelsberg  by  the  reduction  of  the 
trioxide  to  metal  obtained  the  number  95'96.^ 


TUNGSTEN,  W  =  183.5. 

455  The  minerals  tungsten  or  heavy-stone,  now  termed  scheelite 
or  calcium  tungstate,  and  wolfram  (the  hipi  spuma  of  Agricola) 
were,  up  to  the  middle  of  the  eighteenth  century,  both  classed 
amongst  the  tin  ores.  In  1781,  Sclieele  proved  that  tungsten 
yras  composed  of  lime  combined  with  a  pecidiar  acid,  and  in 
the  same  year,  Bergman  stated  that,  in  his  opinion,  this  acid 
is  a  metallic  calx.  Two  years  later  the  Spanish  chemists  Juan, 
Jose  and  Fausto  d'Elhujar,*  showed  that  this  same  acid  is  con- 
tained in  the  mineral  wolfram  combined  with  iron  and  manga- 
nese. They  also  succeeded  in  reducing  metallic  tungsten  from 
the  acid. 

Tungsten  is  not  a  common  metal,  being  found  only  in  a  few 
minerals,  some  of  which  occur,  however,  in  fairly  large  quan- 
tities. The  most  important  of  these  is  wolfram,  a  tungstate  of 
iron  and  manganese  found  in  Cornwall,  in  Cumberland,  on 
Ilona  in  the  Hebrides,  in  County  "Wicklow,  at  Zinnwald,  and 
in  many  localities  in  the  United  States.  Other  important 
tungsten  minerals  are  scheelite  or  calcium  tungstate,  CaWO^, 
and  scheelitine  or  lead  tungstate,  I'bWO.,.  In  addition  to  these, 
tungsten  occurs  in  the  following  somewhat  rare  minerals,  wolf- 
ram ochre,  ^V0, :  wolframite,  (MnFe)WO, ;  ferberite,  FeWO^; 
hiibnerite,  MnW04;  and  cupro-scheelite,  (CaCu)\VO,. 

In  order  to  obtain  the  tungsten  compounds  from  wolfram,  a 
process  proposed  by  O.xland  in  1848  (see  Tin)  is  generally 
adopted,  the  ore  being  fused  with  soda  ash  and  sodium  nitrate 
in  a  reverberatory  furnace,  and  the  soluble  sodium  tungstate 
being  dissolved  out  and  obtained  by  crj'stalli.^ation. 

456  Metallic  Tungsten.  This  is  prepared  by  calcining  an  intimate 
mixture  of  tungsten  trioxide  and  carbon  in  a  covered  crucible. 
It  may  also  be  olitained  by  the  reduction  of  the  same  oxide  in 
a  current  of  hydrogen  or  by  the  reduction  of  the  chloride  in 
vapour  of  sodium.     It  has,  however,  not  been  prepared  in  the 

'  Ber.  Dfulach.  Chem.  Gtx.  x.  1776. 

'  A  Cli'inimI  Analfisi)  of  U'olfrnm  and  Eznmintititm  of  a  Knc  Uetnl,  ichich 
nJir$  inlit  il.i  Compo/iition.  Traii*Iat<>(i  from  tlii<  S|iniii»hby  C.  t'lillcn,  to  which 
ia  prelixeU  a  Itniislution  nf  Mr.  S<')iccle'«  aiinlwiisof  the  Tungaton,  or  heavy-stone, 
witii  Mr,  Ik'igmaa's  Bup(llnn^utnl  remarks.     Loiidoo,  1786. 
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coherent  condition.  lu  order  to  prepare  the  pure  metal,  the 
pure  bright  canary-yellow-coloured  trioxide  is  ignited  in  a 
platinum  or  porcelain  tube  to  bright  redness  in  a  current  of  dry 
and  pure  hydrogen.  The  metallic  powder  thus  obtained  possesses 
a  light  bright  grey  metallic  lustre  and  has  a  specific  gravity  at  4* 
of  lt.t-129  (Roscoe).'  The  specific  gravity  of  the  metfll,  according 
to  earlier  obsen^ers,  was  found  to  be  considerably  lower. 

Metallic  tungsten  does  not  undergo  any  oxidation  either  in  dry 
or  moist  oxygen  at  the  ordinary  temperature,  even  when  exposed 
for  many  months.  At  a  red-heat  the  powdered  metal  bums  in  air 
or  oxygen,  being  converted  into  the  trioxide.  When  thrown  into 
chlorine  it  doe.s  not  burn  but  combines  with  this  element  when 
heated  in  it  at  a  temperature  of  250°  to  300°.  It  also  combines 
with  bromine  and  more  difdcultly  witli  iodine.  Water  does  not 
act  upon  metallic  tungsten  at  the  ordinary  temperature,  but  a 
current  of  steani  passed  over  tungsten  heated  to  redness  oxidizes 
the  metal  to  a  mixture  of  the  blue  oxide  and  the  trioxide. 
Treated  with  boiling  solution  of  potash,  tungsten  is  oxidized, 
tungstate  of  potash  being  formed  and  hydrogen  disengaged. 
Nitric  acid  only  attacks  tungsten  slowly,  but  it  is  oxidized 
rapidly  in  contact  with  aqua  rcgia. 

Tungsten  Steel.  Many  suggestions  have  been  made  for  im- 
proving the  quality  of  tool-steel  by  the  addition  of  tungsten, 
inasmuch  as  this  is  said  to  improve  the  quahty,  hardness,  and 
tenacity  of  the  metal,  but  it  appears  that  this  application  has 
not  proved  commercially  successful. 


TUNGSTEN  AND  CHLORINE. 

457  Four  compounds  of  tungsten  and  chlorine  are  known,  viz. : 


(1)  Tungsten  dicliloride    . 

(2)  Tungsten  tetnvchloride 

(3)  Tungsten  pentachloride 

(4)  Tungsten  hexcbloride 


WCL 

WClj. 
WCL. 


Tungsten  Bichloride,  WCl,.  This  body  may  be  obtained  in 
pale-grey  crusts  by  reducing  the  hexchloride  at  a  moderately 
high  temperature  in  hydrogen.  It  is,  however,  best  prepared  by 
heating  the  tetrachloride  in  a  current  of  carbon  dioxide.  For 
this  puj-pose  the  temperature  of  a  moderately  hot  zinc  bath  is 
'  Mem.  Lit.  and  Phil.  Soe.  of  Manthester,  [3]  v.  77. 


TUNGSTEN  AND  CHLORINE. 
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used.  The  dichloride  ia  a  noa-volatile  loose  grey  powder  with- 
out lustre  or  crystalliue  structure.  It  alters  perceptibly  ou 
short  exposui'e  to  the  air  and  dissolves  slightly  in  water  foruiing 
a  brown  solution.  The  remainder  is  converted  into  the  brown 
oxide,  a  slow  evolution  of  hydrogen  occurring  (Eoscoe). 

Tun//sfc7i  Tdrarldoridc,  WCl^,  ia  formed  by  the  incomplete 
reduction  of  the  hexcldoride  or  pentachloride  by  hydrogen, 
forming  the  non-volatile  residue  obtained  by  the  distillation 
of  the  hexcldoride  in  hydrogen.  In  order  to  obtain  it  in  the 
pure  state  a  niixtme  of  hexa-  and  pentachloride  is  distdled  at 
a  low  temperature  in  a  bath  of  sulphuric  acid  iu  a  current  of 
dry  hydrogen  or  carbon  dioxide  and  the  volatUe  pentachloride 
distilled  back  again  once  or  twice  over  the  residue  to  saturate 
up  to  the  tetrachloride  the  lower  cldorid&s  or  metal  which  are 
also  formed.  Tlie  tetrachloride  of  tungsten  is  a  loose  soft 
crystalliue  powder  of  a  greyish-brown  colour.  It  is  highly 
hygroscopic,  though  not  so  much  so  as  the  pentachloride.  It  ia 
partially  decomposed  by  cold  water  into  the  brown  oxide  and 
hydrochloric  acicL  The  tetrachloride  is  non-volatile  and  in- 
fusible under  ordinary  pressure,  but  on  heating  it  decomposes 
into  pentachloride,  which  distils  off,  and  dicliloride,  which  re- 
mains behind.  On  heating  in  hydrogen  to  a  temperature  above 
the  melting-point  of  zinc  the  tetrachloride  is  reduced  to  metallic 
tungsten,  some  of  which  is  deposited  as  a  black  tinder-hke 
powder  and  undergoes  spontaneous  ignition  on  exposure  to 
air  (Uoscoe). 

Tungsim  PcnlacMorith,  WClj.  This  compound  is  formed  by 
the  incomplete  reduction  of  the  hexchloiide  in  a  current  of 
hydrogen.  If  the  temperature  be  kept  but  slightly  above  the 
boiling-point  of  the  hexcldoride  the  dark-red  colour  of  its 
vapoiu:  is  seen  to  disappear  and  a  light  greenish-coloured  vapour 
takes  its  place,  and  this  soon  condenses  either  to  black  drops 
or  to  long  shining  black  needle-shaped  crystals.  After  two  or 
three  distillations  in  hydrogen  a  pure  volatile  product  is 
obtained,  lor  the  production  of  the  pentachloride  it  is,  how- 
ever, more  convenient  to  reduce  tlie  hexchloride  at  a  higher 
temperature,  when  a  further  loss  of  chlorine  takes  place,  the 
solid  non-volatile  tetrachloride  remaining  behind  and  the  volatile 
pentachloride  distilling  over.  The  latter  compound  only  requires 
redistdlation  in  order  to  obtain  it  in  the  pm'e  state.  Tungsten 
pentachloride  crj-stnllize^  in  long  black  shining  crystals, 
but    if   quickly  condensed   the   crystalline   powder  possesses 
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a  dark-green  colour  resembling  potassium  mangonate.  It  is 
extremely  hygroscopic,  the  ciystals  becoming  instantly  coverc<l 
with  a  dark  golden-green  film  on  exposure  to  air,  and  the  small 
particles  converted  into  liquid.  The  crystals  do  not  decrepitate 
on  cooling  like  tho-se  of  the  hexchloride.  On  treatment  with 
large  quantities  ol'  water,  the  peutachloride  forms  an  olive-greeu 
solution,  although  the  greater  part  is  at  once  decomposed  into 
the  blue  oxide  and  hydrochloric  acid.  The  melting-point  of 
tungsten  pentachloride  is  24tJ°,  and  its  point  of  solidification 
242",  and  it  boUs  at  275°-6.  The  vapour  density  of  tungsten 
pentachloride  taken  in  sulphur  vapour  at  440°  was  found  to  be 
18G°"5  (H  =  1),  whilst  iu  mercury  vapour  nt  350°  it  was  found  to 
have  a  density  of  177"S  (Eoscoe).  The  formula  WClj  requires 
a  vapour  density  of  180'7. 

I'litKjstiii  JInchloruk,  WClg.  This  substance  is  prepared 
liy  heating  metallic  tungsten  in  an  excess  of  dry  and  pure 
chlorine.  It  is  necessary  for  the  preparation  of  the  pure  com- 
pound that  every  trace  of  oxygen  and  of  moisture  be  excluded, 
as  otherwise  some  red  oxychloride  is  invariably  formed,  and 
this  cannot  easily  be  separated  from  the  hexchloride  by  distil- 
lation. Metallic  tungsten  takes  fire  at  a  moderate  heat  in  dry 
chlorine  and  the  action  goes  on  by  itself  until  all  the  chlorine 
has  disappeared. 

In  order  to  obtain  the  hexchloride  in  quantity  the  metal 
is  first  ignited  in  a  current  of  dry  hydrogen ;  then  the  hydro- 
gen is  completely  displaced  by  a  current  of  dry  carbon  dioxide 
and  lastly  chlorine  free  from  air  substituted,  and  the  tube 
or  retort  moderately  heated.  At  the  commencement  of  the 
operation  a  slight  sublimate  of  red  needle-shaped  crystals  of 
the  oxychloride  is  frequently  formed  owing  to  the  unavoidable 
presence  of  traces  of  oxygen,  but  tliis  is  easily  driven  to  the  end 
of  the  tube  beyond  the  point  at  which  it  is  intended  to  collect 
the  hexchloride.  On  raising  tlie  temperature  of  the  metal,  a 
granular  sublimate  of  dark-violet  opaque  crystals  of  the  hex- 
chloride makes  its  appearance,  and  if  in  large  quantity  the 
hexchloride  collects  as  a  l)lacki.sh-red  liquid.  In  order  to 
saturate  this  liquid,  it  is  slowly  distilled  in  a  current  of  cldorine 
The  dark  violet  crj'stals  decrepitate  on  cooling  and  the  crj'stal- 
liue  mass  thus  readily  breaks  up  to  a  powder. 

When  pure,  the  solid  hexchloride  does  not  undergo  any  change 
even  in  moist  air,  but  in  the  presence  of  the  slightest  trace  of 
oxychloride  it  at  once  absorbs  moisture,  evolving  copious  fumes 
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of  li ydrochloric  acid  and  changing  in  colour  from  violet  to  browu. 
"Water  does  not  act  upon  the  pure  hexchloride,  but  on  boiling 
decomposition  occurs.  If,  however,  the  oxychloride  be  present 
the  whole  is  suddenly  decomposed  by  cold  water  into  a  greenisli 
oxide.  It  is  soluble  in  carbon  disulphide,  crystallizing  from  the 
solution  in  six-sided  plates. 

The  melting-point  of  the  hexchloride  is  275°  and  its  point 
of  solidification  270" ;  it  boils  under  a  pressure  of  759"5  mm. 
at  346'''7.  Tlie  vapour  density  of  tungsten  hexchloride  has  been 
determined  in  sulphur  vapour  and  in  mercury  vapour ;  at  440', 
the  mean  experimeutal  density  is  168"8,  whilst  at  350°  the 
density  is  1009,  the  calculated  density  being  19So.  The 
alteration  of  the  density  from  191  at  350°,  only  3°  above  the 
boiling-point,  to  1G9  at  440°  points  to  the  fact  that  dissocia- 
tion occurs.  Tliat  this  is  the  case  is  shown  by  the  ftict  that 
wlien  a  current  of  dry  carbon  dio.xide  is  passed  through  the 
fused  hexchloride  a  continuous  liberation  of  the  chlorine  takes 
place,  whereas  the  pentachloride  treated  in  the  same  way  does 
not  iindergo  a  similar  decomposition. 

458  Twngsten  Oj-ychloridts.  The  monoxychloridc,  WOCl^,  and 
the dioiijcliloridc  WO^CU,  have  been  studied  by  Blomstrand  and 
Eiche.  The  dioxychloride  is  best  obtained  by  passing  chlorine 
over  the  brown  oxide.  Combination  takes  place  at  a  moderate 
heat,  the  oxide  becoming  covered  with  a  whitish  crust  which 
on  increase  of  temperature  distils  off  without  melting,  condens- 
ing in  small  square  scales  of  a  light  lemon-yellow  colour.  Tlie 
dioxychloride  volatilises  at  a  temperature  approaching  redness 
with  partial  decomposition  ;  ihe  crystals  do  not  fuse  and  are  not 
acted  upon  by  moist  air  or  cold  water.  Even  when  boiled  vrith 
water  the  dioxychloride  is  not  completely  decomposed. 

The  splendid  red  needle-shaped  crystals  of  the  monoxy- 
chloride,  first  prepared  by  Wohler,  are  best  obtained  by  passing 
the  vapour  of  a  chloride  over  heated  oxide  or  ilioxychloride,  iii 
a  current  of  chlorine  : 


WO,  -I-  2WC1,  =  3W0C1,. 


The  crystals  melt  at  210°-4and  solidify  at  207°-4,  and  the  liquid 
boils  at  227°"5,  forming  a  red  vapour  rather  lighter  coloured  than 
that  of  the  hexchloride.  On  repeated  distillation  over  red-hot 
charcoal  in  a  current  of  chlorine  the  hexchloride  is  formed. 
On  exposure  to  air  the  monoxychloride  becomes  at  once  covered 
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■with  a  yellowish  crnst  of  tungstic  acid.  The  vapour  density  at 
350'  is  found  to  be  171-5  and  at  440°  173,  the  theoretical 
rtensitj'  being  171  (Eoscoe). 


TUNGSTEN  AND  BROMINE. 


459  Bromine  acts  rapidly  on  red-hot  tungsten,  forming  dark 
broraine-like  vapours,  wliich  condense  to  a  crystalline  sublimate. 
Special  precautions  similar  to  tliose  taken  in  the  preparation  of 
the  chlorides  must  also  l>e  employed  for  the  bromides,  as  the 
o.xj'bromides  formed  in  the  presence  of  air  and  moisture  possess 
almost  the  same  colour  as  the  bromide,  and  tiierofore  tlie  detec- 
tion of  the  impurity  is  not  so  easy  as  is  the  case  with  the  chloride. 

Tungsten  Dihroiaidc,  VfRr.,  is  formed  by  the  reduction  in 
hydrogen  of  the  pentabromide,  heated  in  a  bath  of  fused  zinc 
chloride.  A  residue  of  non-volatile  dibromide  remains  in  the 
form  of  a  bluish-black  velvety  crystalline  powder. 

Tunrjskn  Pmtahromidf,  "VVBrj.  By  the  action  of  an  excess  of 
bromine  on  tungsten  a  penta-  and  not  a  hexbromide  is  ob- 
tained. Indeed  the  pentabromide  itself  evolves  bromine  on 
standing.  The  pentabromide  forms  dark  crystals  having  a 
metallic  lustre  resembling  iodine,  melting  at  270°,  solidifying 
at  273°,  and  boiling  at  .333°.  It  is  at  once  decomposed  by  an 
excess  of  water  into  hydrobromic  acid  and  the  blue  oxide 
When  the  pentabromide  is  heated  in  a  current  of  hydrogen, 
the  metal  is  formed  in  the  state  of  pyrophoric  powder. 

Tunysten  O.n/hromvles,  corresponding  to  the  oxychlorides,  exist. 
Tlie  dioxybroinide  WO.jBrj,  is  formed  by  passing  bromine  vapour 
over  red-hot  tungsten  dioxide.  It  forms  light-red  transpai-ent 
crystals  which  yield  a  yellow  powder.  They  do  not  melt,  but 
volatilize  at  a  temperature  approaching  a  red-heat,  and  they 
are  not  acted  upon  by  water.  The  monoxybromide  WOBr^,  is 
formed  under  the  same  circumstances  as  the  last-named  com- 
pound as  brownish-black  shining  needles  wliich  are  readily 
fusible  and  can  be  separated  from  the  dioxybromide  by  gently 
lieating,  when  the  latter  compound  remains  behind.  It  melts  at 
277°,  boils  at  327°'5,  and  is  decomposed  by  contact  with  water. 
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TUNGSTEN  AND  IODINE. 

Tungsien  Di-MUlc,  WIj,  is  obtained  in  the  form  of  green 
metallic  scales,  when  iodine  vapour  is  passed  over  the  metal 
heated  to  redness  (Roscoe). 


TUNGSTEN  AND  FLUORINE. 

Tungsten  trioxide  dissolves  in  strong  hyiirofluoiic  acid,  but 
on  evaporation  the  oxide  crystalb'zes  out  unchanged.  Neither  a 
fluoride  nor  an  o.\-yfluoride  of  tungsten  is  known  in  the  free  state, 
but  a  compound  KoF^WOo,  is  obtained  when  normal  potassium 
tungstate  is  dissolved  in  hydrofluoric  acid,  and  this  compound  is 
isomorphous  with  the  corresponding  molybdenum  oxyfluoride. 


TUNGSTEN  AND  OXYGEN. 


460  Tungsten  foruis  two  definite  oxides :  tungsten  dioxide  WO^, 
and  tungsten  trioxide  WO3.  These  combine  together  to  form 
compounds  analogous  to  the  blue  oxides  of  molybdenum  (p.  196). 

Tun'jslen  Diatvh,  "WO^.  This  oxide  is  formed  when  a  current 
of  hydrogen  is  passed  over  the  trioxide,  WOj,  at  a  dull  red-heat. 
It  may  also  be  obtained  in  tlie  wet  way  by  reducing  the  trioxide, 
mixed  witli  hydrochloric  acid,  by  means  of  metallic  zinc.  In 
preparing  it  in  the  dry  way  care  is  needed',  as  if  the  tempera- 
ture be  too  high  metallic  tungsten  is  formed,  whereas  if  the 
heat  be  not  sufficient,  the  intermediate  blue  o.xide  is  produced. 
Tungsten  dioxide  is  a  brown  powder  of  specific  gravity,  12'1, 
w^hich  has  a  copper-red  colour  when  crystalline  trioxide  is  em- 
ployed for  its  preparation.  It  is  strongly  pyrophoric,  and  must 
bo  cooled  in  hydro-en  for  some  time  before  it  is  exposed  to  the 
air.  It  is  slightly  soluble  in  coQcentrated  hydrochloric  acid  and 
sulphuric  acid,  yielding  purple  solutions.  Oxidizing  agents 
convert,  it  rapidly  into  the  trioxide.  It  dissolves  in  potash  with 
disengagement  of  hydrogen  and  the  production  of  potassium 
tungstate : 

WO,  +  2K0H  =  K,WO,  +  Ujr 


208 


METALS  OF  THE  CHROMIUM  GROUP. 


Tungsten  Tnoxide,  WO,.  This  oxide  occurs  native  as  wolfra- 
mine,  a  yellow  powder  found  together  with  other  tungsten 
minerals  in  Cumberland,  near  Limoges,  in  Connecticut,  and  in 
North  Carolina.  lu  order  to  pivpaie  the  trioxide,  finely 
powdered  wolfram  is  fUgested  for  a  long  time  with  hydrochloric 
acid,  the  mixture  frequently  shaken,  the  acid  renewed,  and  a 
little  nitric  acid  added  towartls  the  end  of  the  process  to  oxidize 
the  iron.  This  is  continued  until  the  acid  has  dissolved  out  the 
whole  of  the  iron  and  manganese  and  the  brown  powder  has 
become  yellow  coloured.  The  insoluble  portion,  consisting  of 
tungsten  trioxide  and  undecomposed  wolfram  and  quartz,  after 
being  well  washed,  is  shaken  up  with  a  solution  of  ammonia, 
which  dissolves  the  liberated  tungstic  acid.  The  solution  is 
crystallized  and  the  crystals  are  converted  into  the  trioxide  by 
ignition  in  the  air.  Wohler  converts  the  wolframite  into  cal- 
cium tungstate  by  fusion  of  the  finely  powdered  mineral  for  an 
hour  with  twice  its  weight  of  chloride  of  calcium  and  then 
lixiviating,  when  calcium  tungstate  remains  behind.  This  is 
then  decomposed  by  nitric  acid,  and  tungsten  trioxide  is  ob- 
tained by  igniting  the  yellow  precipitate  thus  thrown  down. 
The  native  tungstate  of  calcium  (schuclite)  can  also  be  decom- 
posed in  this  way. 

Tungsten  trioxide  is  a  bright  canary-yellow  coloured  powder 
which  becomes  dark-orange  on  heating,  but  regains  its  bright 
yeUow  colour  on  cooling.  A  very  slight  admixture  of  sodium 
salt  imparts  to  the  oxide  a  greenish  tint  which  no  amount  of 
oxidation  can  remove  (Roscoe).  It  also  becomes  greenish  on 
exposure  to  light.  Tungsten  trioxide  has  been  obtained  in  the 
crystalline  state  by  Debray,  by  igniting  a  mixture  of  tungstate 
and  carbonate  of  sodium  in  a  current  of  hydrochloric  acid,  when 
the  trioxide  is  obtained  in  olive-green  rectangular  prisms  which 
sublime  at  a  while  beat.  The  crystalline  trioxide  has  also 
been  pre[)ared  by  heating  hydrated  tungstic  acid  with  borax  in  a 
porcelain  furnace  (Nordenskjold).  The  specific  gravity  of 
tungsten  trioxide  thus  ol>tained  is  6'34. 

When  heated  in  a  current  of  hydrogen  to  250°  the  trioxide  is 
converted  into  the  blue  oxide,  2W03-I-\V02,  and  if  the  heat  be 
raised  to  dull  redness  the  brown  oxide,  WOj,  is  formed,  whilst 
at  a  higher  temperature  the  metal  is  obtained.  Acted 
upon  by  reducing  agents  such  as  zinc  and  hydrochloric  acid, 
stannous  chloride,  or  organic  matter,  tungsten  trioxide  is  trans- 
formed successively  into  the  blue  and  brown  oxides.     Tungsten 
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trioxide  ia  soluble  in  the  fixed  alkaUs  and  ammonia  as  well  as 
in  the  alkaline  carbonates,  which  it  decomposes,  giving  rise  to 
the  tungstates.  It  is  insoluble  in  water  and  acids  ;  it  dissolves, 
however,  in  small  quantities  in  concentrated  hydrochloric  and 
hydrofluoric  acids. 


TUNGSTIC  ACIDS  AND   THE  TUNGSTATES. 


461  Two  modifications  of  tungstic  acid  exist,  termed  normal- 
and  mtta-tungstic  acid;  and  the  tungstates,  many  of  which 
possess  a  complicated  constitution,  may  be  likewise  divided  into 
two  cotiesponding  classes,  the  ordinary-  or  normal-tungstates 
and  the  metatungstat«s. 

Timgttic  Acid,  HjWO^.  When  a  solution  of  a  tungstate  is  pre- 
cipitated hy  an  acid  in  the  cold,  a  white  precipitate  is  thrown 
down  consisting  of  hydrated  tungstic  acid,  HjWO^+H,0.  This 
is  soluble  in  water,  possesses  a  bitter  taste  and  reddens  litmus. 
If,  on  the  other  hand,  a  solution  of  a  tungstate  is  treated  with  an 
excess  of  hot  acid,  anhydrous  tungstic  acid,  HjWO^,  separates 
out  as  a  yellow  powder,  and  this  is  insoluble  in  water  and  in 
all  acids  except  hydrofluoric  acid.  If  pure  tungsten  hexchloride 
be  exposed  to  the  action  of  moist  air,  the  red  monoxychloride  is 
first  formed  and  this  soon  passes  into  a  fine  flocculent  mass  of 
tungstic  acid. 

The  tnngstates  are  insoluble  in  water  with  the  exception  of 
those  of  the  alkali-metals ;  and,  even  of  these,  some  tungstates 
of  potassium  and  ammonium  are  only  sparingly  soluble.  The 
tungstates  of  the  alkaline-earth  metals,  and  of  the  heavy  metals, 
are  mostly  amorphous  powders,  but  they  may  be  obtained  in  the 
crystalline  state  by  double  decomposition  at  a  high  temperature. 

Metatungstic  Acid,  H.W^Oi,  -I-  VH.^O.  The  salts  of  tliis  acid 
were  discovered  by  Margueritte,'  but  the  acid  was  first  prepared 
by  Scheibler.^  For  tliis  purpose  the  barium  salt  is  decomposed 
by  dilute  sulphuric  acid  or  the  lead  salt  with  sulphuretted 
hydrogen.  Metatungstic  acid  crystallizes  in  small  yellow  octo- 
hcdrons  which  lose  their  water  of  crystallization  at  100°,  and  on 
ignition  are  converted  into  the  trioxide.  They  are  readily 
soluble  in  water  and  the  solution  possesses  a  harsli  bitter  taste. 
When  the  solution  is  concentrated  by  boiling,  a  white  hydrate 
is  deposited  and  afterwards  the  trioxide  sepamtes  out    The 

»  Ann.  Chim,  rh<js.  [3],  xviL  476.  •  Journ.  Praet.  Chtm.  Ixxxiii.  310. 
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metatungstates  of  the  alkali-metals  are  fonned  when  the 
ordinary  tungstates  are  boiled  with  tungstio  acid  until  the 
filtrate  does  not  precipitate  on  addition  of  hydrocldoric  acid 
The  metatungstates  of  the  other  metals  are  mostly  easily 
soluble  in  water,  and  are  best  prepared  by  double  decomposition 
of  the  barium  salt  with  the  corresponding  sulphate  or  carbonate. 
The  warm  solutions  usually  yield  the  salts  in  amorphous  masses 
when  evaporated,  but  when  concentrated  over  sulphuric  acid  they 
frequently  crystallize.  The  metatungstates  possess  a  bitter  taste 
and  do  not  yield  a  precipitate  on  addition  of  an  acid,  though  on 
continued  boiling  oixlinary  tungstic  acid  is  deposited. 

462  Colloidal  Tungstic  Acid.  This  modification  of  tungstic 
acid  was  discovered  by  Graliam.*  It  is  obtained  by  dialysing  a 
5  per  cent,  solution  of  tungstate  of  sodium  to  which  a  sufficient 
quantity  of  hydrochloric  acid  has  been  added  to  neutralize  the 
soda.  After  several  days,  the  liquid  remaining  on  the  dialyser  is 
found  to  possess  a  bitter  astringent  taste  and  does  not  gelatinize 
on  the  addition  of  acids,  even  on  boiling.  On  evaporating  in  a 
vacuum  a  colourless,  vitreous,  transparent,  gum-like  mass  is  ob- 
tained, and  this  can  be  heated  to  200"  without  losing  its  solubility, 
whilst  at  a  red-heat  it  is  transformed  into  tungsten  trioxide,  losing 
2''i  per  cent,  of  water.  When  moistened  with  water  the  colloidal 
acid  becomes  pasty  and  adhesive  like  gum,  dissolving  completely 
in  one-quarter  of  its  weiglit  of  water. 

Potassium  Tungstates.  The  normal  salt,  KjWO^,  is  obtained 
by  adding  tungsten  trioxide  little  by  little  to  its  own  weight  of 
fused  carbonate  of  potash.  On  cooling  a  solution  of  the  fused 
•mass  in  hot  water,  or  on  allowing  the  solution  to  evaporate 
slowly  at  the  ordinary  temperature,  normal  potassium  tungstate 
crystallizes  in  large  acicular  anhydrous  crystals  or  in  large  pris- 
matic crj-stals,  KjWOj  + 21130  (Marignac).  "When  the  normsU 
salt  is  boiled  with  a  small  quantity  of  water,  or  when  tungsten 
trioxide  is  added  to  its  boiling  solution  until  no  more  dissolves, 
glistening  scales  of  the  acid  salt,  KjoWjjO^,  -|-1  IH^O,  are  deposited. 
These  dissolve  more  readily  in  hot  than  in  cold  water,  and  the 
solution  has  an  acrid  taste  and  acid  reaction.  When  alcohol  is 
added  to  the  aqueous  solution  a  precipitate  is  formed ;  tliis  dis- 
solves on  warming  but  on  cooling  deposits  scales  of  Potassium 
metatungstatc,  KjW^Ojj  -f-  5HjO;  a  second  hydrated  salt  con- 
taining eight  molecules  of  water,  cr}'stallizing  in  octohedrons,  is 
obtained  from  the  mother-liquor  of  the  normal  tungstate. 
'  Joum.  Chem.  Sac.  xviL  825, 
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463  Sodium  Tun/fstates.  The  normal  salt,  NajWO^  +  2H,0,  is 
prepared  like  the  potassium  salt,  and  is  obtained  on  the  large 
sc&le  by  fusing  wolfmm  together  with  soda-ash.  It  crystallizes 
in  thin  rhombic  prisms  which  dissolve  in  four  parts  of  cold  and 
in  two  parts  of  boiling  water.  The  solution  possesses  a  bitter  taste 
and  has  an  alkaline  reaction.  The  crystals  do  not  undergo 
alteration  in  the  air  and  they  are  insoluble  in  alcohol.  When 
lieate4  to  200°  it  becomes  opaque  and  loses  its  water,  and  at  a 
red-heat  fuses  to  a  transparent  liqmd  which  crystallines  on 
cooling. 

In  addition  to  the  normal  salt  the  following  polytungstata  of 
eodlum  are  known :  ^ 


Na^WjO^  +  2HjO. 

Na.WjO^  +  7H,0. 

Na,W,0„  +  IIHA 

Na^W^Oj,  -I-  16H,0. 

Na^WjO,^  +  2mjO. 

Naj,\V,,6«  -f  21H,0. 


Na,,Wi,0,,  +  25HsO. 


P  Na,„Wi,0„  +  28H,0. 

V  These  salts  are  all  soluble  in  water  and  crystalUzable.     The 

I  salt,  NajjWjjO^i,  sometimes  termed  sodium  paratungstate,  is 
I  prepared  on  the  large  scale  by  roasting  wolfram  with  soda- 
'  ash  and  lixiviating  the  fused  mass.  The  boiling  solution  is 
then  nearly  neutralized  with  hydrocliloric  acid  and  the  salt 
allowed  to  crystallize  at  the  ordinary  temperature  when  the 
compound  containing  twenty-eight  molecules  of  water  deposits 
in  large  triclinic  crj'stals.  At  a  higher  temperature  it  crys- 
tallizes with  less  water  than  tlie  above.  This  salt  is  sometimes 
used  in  place  of  stannate  of  sodium  as  a  mordant  in  dyeing  and 
calico-printing,  and  is  also  employed  for  rendering  cotton,  linen. 
&c.,  uninflammable.* 

Sodium  Mttatungstate,  NajW^Oij-l-lOH^O,  is  formed  by  pro- 
longed boiling  of  the  normal  salt  with  tungsten  trioxide. 
It  crystallizes  in  octohedrons  probably  belonging  to  the 
regular  system.  It  is  very  efflorescent.  Cold  water  dissolves 
1069  times  its  weight  of  this  salt  and  boiling  water  dis- 
solves it  in  all  proportions.  It  loses  its  water  at  a  red-heat 
(Marignac  and  Scheibler). 

'  Mwignae,  Ann.  Chim.  rhy».  [3]  Ixix.  39. 

*  Vemnuiu,  Seportt  of  the  JvlHcs  of  the  Exhibition  of  1862. 
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464  Ammonium  Ttuigstatcs.  The  normal  salt  is  not  known. 
When  a  solution  of  tungstic  acid  in  ammonia  is  allowed  to 
evaporate  over  caustic  lime,  warty  concretions  of  (NHJ^iWjOu 
+  3H,0  are  sometimes  deposited,  which  easily  give  oflT  am- 
monia. Needle-shaped  crystals  or  tablets  having  the  com- 
position (NH,)flW-0j4  -I-  GHjO  are,  however,  usually  deposited, 
whilst  sometimes  small  triclinic  crystals  of  (NII^)^W50].  -h  5HjO 
likewise  occur.  If,  however,  the  ammoniacal  solution  of  the 
trioxide  he  allowed  to  evaporate  whilst  warm,  monoclinic 
crj'stals  of  (NH^jgWijO,!  -I-  5n.,0  separate  out.  When  tung- 
sten trioxide  is  boiled  with  ammonia,  quatlratic  prisms  of 
ammonium  metatungatatc  (^H^^fi^^  -f  SIIjO  are  obtained. 
These  are  very  soluble  and  effloresce  quickly  on  exposure  to 
the  air.  Besides  these  many  other  ammonium  tnngstates  have 
been  prepared  (Marignac). 

Normal  Calcium  Tungstate,  CaWO^.  This  occurs  native  as 
scheelite  in  vitreous  yellowish-white  quadratic  pyramids.  Some 
of  its  chief  localities  are  Zinnwald,  Caldbeck  Fell  in  Cumber- 
land, Piedmont,  Dalecarlia,  in  the  Vosges,  at  Huntingdon  in 
Connecticut,  and  at  the  Mammoth  mining  district  in  Nevada- 
The  cr}'stal3  usually  contain  iron  and  are  found  iu  crystalline 
rocks  in  couuection  with  tin-ore,  topaz,  apatite,  woKram,  &c. 

It  is  prepared  artificially  as  a  white  insoluble  precipitate  by 
mixing  solutions  of  calcium  chloride  and  a  nonnal  tungstate, 
and  can  be  obtained  in  tlie  crystalline  form  of  scheelite  by 
heating  the  precipitate  mixed  with  lime  in  a  current  of 
hydrochloric  acid.  If  a  hot  solution  of  metatungstic  acid  be 
saturated  with  calcium  carbonate,  calcium  metatungstate, 
CaW^Oj^  +  lOHjO,  is  obtained,  crj'stallizing  in  small  quadratic 
octohedrons. 

Noi-mal  Barium  Tungstate,  BaWO^  is  obtained  by  fusing 
together  the  sodium  salt  with  common  salt  and  barium  chloride, 
in  the  form  of  lustrous  colourless  crystals  isomoiphous  with 
8cheelit«.  Barium  Metatungstate,  BaW^O,,  +  'JlI^O,  is  obtained 
by  mixing  hot  saturated  solutions  of  the  sodium  salt  and  barium 
chloride  with  addition  of  some  hydrochloric  acid.  It  forms 
large  quadratic  pyramids  which  may  be  easily  purified  by 
recrystallization  from  hydrochloric  acid  solution.  If  baryta 
water  be  added  to  the  aqueous  solution  of  the  salt,  needle- 
shaped  crystals  of  2BaW0^  +  UjO  are  deposited. 

Lead  Tungstate,  PbWO^.  occurs  as  stolzite  at  Zinnwald  in 
Bohemia,  at  Bleibcrg  in  Carinthia,  in  Chili,  and  at  Southampton, 
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ilas3achusetts.  It  crystallizes  in  red  translucent  quadratic 
pyramids  having  a  specific  gravity  of  787  to  813. 

Ferrous  TungUate,  FeWO^,  occurs  as  the  mineral  farberite 
in  Spain,  closely  resembling  the  commoner  mineral  woirram, 
which  contains  manganese  as  an  isomorphous  constituent, 
(FeMn)WO^.  This  latter  occurs  in  Cornwall,  Cumberland,  in 
Ireland,  France,  in  the  Erzgebirge,  and  in  various  parts  of  the 
United  States.  Wolfram  crystallizes  in  the  rhombic  system  in 
dark  grey  or  brownish-black  prisms  having  a  metallic  lustre 
and  a  specific  gravity  of  5  to  5  5. 

Manganese  Tungstate,  JInW04,  is  found  as  hiibnerite  in  Nevada 
in  a  vein  from  three  to  foiir  feet  wide. 
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COMPOUNDS    OF    TUNGSTATES    WITH 
TUNGSTEN    DIOXIDE. 


465  These  singular  compounds,  formed  by  the  reduction  of 
the  tungstates,  have  been  employed  as  brouze-powder  substitutes. 
Tungsten-potassium  Bronze.  The  compound  K^WjO,  =  K-^WjOj 
+  WOj  is  obtained  by  adding  tungsten  trioxide  to  fused  normal 
potassium  tungstate  until  it  no  longer  dissolves.     The  product  is 
then  gently  heated  in  a  stream  of  hydrogen  and  afterwards  Kxi- 
viated  with  water,  hydrochloric  acid,  and  caustic  potash,  and 
lastly  again  with  water.    It  forms  small  dark-blue  needles  which 
a  copper-red  lustre.     A  compound  crystallising  in  line 
^deep-blue  copper- lu.strous  quadratic  prisms  and  pyramids,  having 
the  composition  KjWjOi^  =  KjWO^  -I-  4W0j,  is  obtained  by  pass- 
ing a  galvanic  current  through  fused  potassium  polytungstate. 
This  is  not  altered  by  the  action  of  aqueous  alkalis  and  acids. 
Tungsten-sodium  Bronze,  Na^WjOg  =  Na^WjO.  +  WO,.     This 
(tieautifnl  compound  was  first  prepared  by  Wohler  by  a  similar 
aethod  to  that  described  for  the  potassium  compound.     It  is 
obtained  when  a  polytungstat«  is  fused  with  tin  and  the 
aass  treated  with  caustic  soda  and  hydrochloric  acid.     It  forms 
^fine  golden  cubes,  which  have  a  specific  gravity  of  6'617,  and 
conduct  electricity  well.     On  ignition  in  the  air  it  oxidizes  and 
fuses.    It  is  not  attacked  by  any  acid  except  hydrofluoric  acid, 
nor  is  it  acted  upon  by  alkalis. 

Phospho-trmgstic  Aci/Li.  Like  molybdic  acid,  tungstic  acid 
combines  witli  phosphoric  acid  to  form  complicated  compounds. 
The  sodium  salts  are  obtained  by  boiling  a  sodium  tungstate 
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with  phosphoric  acid.  If  the  ordinary  commercial  tungstate  of 
soda  be  used,  and  barium  chloride  be  added  to  the  product, 
a  precipitate  is  obtained  which,  when  decomposed  by  sulphuric 
acid,  yields  phospho-decatungstic  acid,  HjjPWjpOjg  +  8H3O, 
which  crystallizes  in  cubes,  and,  like  phospbo-molybdic  acid, 
possesses  the  property  of  precipitating  the  alkaloids,^  and  it 
may  be  used  as  a  reagent  for  this  purpose. 


TUNGSTOSILICIC    ACIDS. 


466  These  peculiar  compounds  were  discovered  and  investi- 
gated by  Marignac,*  who  gives  the  following  names  and  formuhe : 

Silicodecitungstic  acid,  4H„OSiOjlOW03. 
TungstosQicic  acid.  4H2012WOjSiO.^ 
Silicoduodecitungstic  acid,  4H20Si02l2"W03. 

StlkodecitungsHc  Acid,  HgWioSiOj^  +  3HjO.  To  prepare  this 
acid  gelatinous  silica  is  boiled  with  ammonium  polytungstate 
and  the  solution  evaporated,  ammonia  being  added  from  time  to 
time.  Thus  the  ammonium  salt,  (NH^)gSiWj„03,  +  8HjO.  is 
obtained  in  short  rhombic  prisms  which  are  soluble  in  water 
and  precipitated  by  silver  nitrate.  Tlie  precipitate  is  washed 
and  decomposed  by  hydrochloric  acid.  On  evaporating  the 
filtrate  in  a  vacuum  the  acid  is  left  as  a  yellowish,  glassy  mass, 
which  on  exposure  to  air  splits  into  fragments,  which  i 
deliquesce.     Its  salts  have  not  been  carefully  examined. 

Ou  dissolving  it  in  water  and  evaporating  the  solution  some 
silicic  acid  separates  out  and  the  thick  mother-liquor  yields  short 
triclinic  prisms  of  inngstosilicic  acid,  HgWjjSiO^j  +  20H,O, 
which  are  readily  soluble  in  water  and  alcohol  It  forms  both 
normal  and  acid  salts. 

I^^ormal  Foiassium  Tnngstosilicate,  KgWjjSiO^j  -f  20HjO,  crys- 
tallizes in  ill-defined,  rhombic  prisms. 

Acid  Potassium  Tungstosilicak,  H^K^WjjSiO^,  -|-  7HjO,  occurs 
in  two  different  forms,  which  crystallize  from  the  same  solution, 
and  if  one  form  bo  dissolved  in  water,  the  second  form  fre- 
quently crystallises  out 

The  a-compound  forms  transparent,  thick,  rhombic  prisms; 
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the  /S-compound  crystallizes  ia  silky,  soft,  six-sided  rhombic 
plates. 

SilicodiJU)dc4:itungstic  or  Silicotungstic  Acid,  HgSiW,20jj  + 
29HjO.  The  salts  of  this  acid  are  formed  by  boiling  gelatinous 
silicic  acid  with  the  polytungstates  of  the  alkali  metals.  To 
obtain  the  acid  the  salts  are  precipitated  with  mercurous  nitrate 
and  the  washed  precipitate  is  decomposed  by  hydrochlnric  acid. 
It  crystallizes  in  large  quadratic  pyramids,  which  readily  dis- 
solve in  water,  alcohol,  and  ether.  On  gently  heating  it  melts  in 
its  water  of  crystallization  and  rhombohedrons  of  HgSiWjjO^, 
-f  22HjO  are  deposited.  These  are  also  formed  by  adding  a 
little  hydrochloric  acid  to  its  solution  and  concentrating  it. 

It  forms  normal,  acid,  and  double  salt  whicli,  with  the  ex- 
ception of  the  mercurous  salt,  are  all  soluble  in  water.  Boiling 
hydrochloric  acid  converts  the  normal  salts  into  acid  salts 
without  decomposing  them  further ;  alkalis  decompose  their 
solutions  with  the  separation  of  silicic  acid. 

Jiormal  Potassium  Silicotuiiffslate,  K^Si^y^fi^,  +  14HjO,  forms 
bard  granular  crusts,  consisting  of  prisms  closely  resembling 
cubes.  It  yields  two  acid  salts;  HJC^SiW^oO^^ -|- ICH^O  forming 
transparent,  glistening,  hexagonal  crystals,  and  2HjK3SiWi204j  + 
25HjO  crystaUising  in  monoclinic  prisms. 


TUNGSTEN  AND  SULPHUR. 


467  Turuj/sten  Distdphide,  WSj,  is  obtained  by  the  action  of 
sulphur,  sulphuretted  hydrogen,  or  carbon  disulphide  on  ignited 
metallic  tungsten.  It  is  also  prepared  by  heating  tungsten  tri- 
oxide  in  a  crucible  with  si.x  times  its  weight  of  cinnabar.  It 
forms  tender,  soft,  black,  needle-shaped  crystals,  which  soil  the 
fingers  like  graphite. 

Tun-gsten  TrisuIpMde,  WS,,  is  obtained  only  in  the  wet  way, 
by  dissolving  tungsten  trioxide  in  sulphide  of  ammonium  and 
precipitating  with  an  acid,  or  by  saturating  an  aqueous  solutinn 
of  an  alkaline  tungstate  with  sulphuretted  hydrogen,  and  aci<ii- 
fying.  When  dry  it  is  black,  yielding  a  liver-coloured  powder. 
It  dissolves  slowly  in  cold  wafer,  and  is  precipitated  by  sal- 
ammoniac  and  acids.  It  is  easily  dissolved  by  potassium  car- 
bonate, and  also  by  ammonia.  It  is  reduced  when  heated  with 
cyanide  of  potassium  to  the  disulpliidc,  this  latter  compound 
being  unaltered  by  fusion  with  potassium  cyanide. 
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jHie  Sulphotun^states.  The  sulpliotungstatea  of  the  alkali- 
metals  and  alkaline  earth  metals,  are  prepared  by  dissolving  the 
trisulphide  in  the  con-esponding  hydrosiilphide,  or  by  treating 
the  corresponding  tuugstate  with  sulphuretted  hydrogen.  The 
ammonium  salt  fNH4)5WS^  is  deposited  from  concentrated 
solution  in  yeUowish-red  crystals  ;  the  potassium  salt,  K._,"VVS^ 
forms  anhydrous  yellow  crystals,  whilst  the  sodium  salt,  Na^WS^ 
crystallizes  with  difficulty. 


i 


TUNGSTEN  AND  NITROGEN. 


i 


According  to  Wohler  *  a  nitride  or  amide  of  tungsten  is  formed 
when  the  vapours  of  chloride  of  tungsten  and  sal-ammoniac  are 
passed  through  a  red-hot  tube.  The  inner  surface  of  the  heated 
tube  ia  found  to  be  covered  with  a  black  specular  semi-metallic 
coating,  haN-ing  the  composition  WgNgH^.  Heated  in  hydrogen 
this  compound  is  converted  into  a  grey  powder  having  the  com- 
position WjNjH^,  and  this  when  strongly  ignited  in  ammonia 
yields  tungsten  nitride  WjNj. 


TUNGSTEN  AND  PHOSPHORUS. 

Phosphorus  and  tungsten  combine  directly  when  the  finely 
powdered  metal  is  heated  to  redness  in  pliosphorus  vapour,  a 
dark  green  powder,  of  the  composition  WgP^,  being  formed. 
Another  compound,  W^P^,  is  obtained  in  beautiful  crystalline 
geodes  when  a  mixture  of  phosphonis  pento.xide  and  tungsten 
trioxide  in  the  proportion  of  two  molecules  of  the  former  to  one 
molecule  of  the  latter,  is  reduced  at  a  high  temperature  in  a 
charcoal  crucible.- 


Detection  and  Estimation  of  Tungsten. 

468  All  the  insoluble  tungsten  compounds  can  be  converted  into 
soluble  tungstates  by  fusion,  either  alone  with  a  caustic  allcali, 
or  with  the  addition  of  nitre.  The  solution  when  brought  into 
contact  with  zinc  and  hydrochloric  acid  becomes  blue-coloured, 
and  when  ammonium  sulphide  is  added  to  the  colourless  solu- 


•  Ann.  Chem.  Pharm.  Ixxiii.  190  ;  C7. 

*  'Wbhler,  C/um.  Soc  Joum.  t.  94. 
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tion,  and  then  dilute  hydrochloric  acid,  a  brown  precipitate  of 

ngsten  sulphide  is  obtained,  whereas  hydrochloric  acid  alone 
precipitates  tungstic  acid,  which  on  heating  turns  yellow.  If 
the  tungsten  compounds  are  fused  with  a  small  quantity  of  tin 
in  the  reduction  flame  with  microcosmic  salt,  a  blue  bead  is 
ibtained,  whilst  tungsten  compounds  containing  iron  yield  in  the 

duction  flame  a  blood-red  bead. 

Tangsten  is  determined  qnaiUitai Lvcly  as  the  trio.xide.  For 
the  puqjose  of  detennining  the  quantity  contained  in  wolfram, 
for  instance,  the  finely  powdered  mineral  is  heated  with  aqua 
regia,  evaporated  to  dryness,  the  residue  treated  with  water,  the 
soluble  chlorides  of  iron  and  manganese  filtered  off,  and  the  in- 
soluble tungstic  acid  washed  with  alcohol  and  dissolved  in 
ammonia.  The  solution  is  then  evaporated  down,  and  the  residue 
eated  gently,  and  afterwards  ignited  in  presence  of  air,  when 

e  trioxide  remains,  and  is  weighed. 

The  atomic  weight  of  tungsten  has  been  frequently  determine<l 
•with  concordant  results.  Eoscoe'  obtained  the  number  1S3'33 
by  the  reduction  of  the  trioxide  and  re-o.'cidation  of  the  metal, 
whilst  the  analysis  of  the  hexchloride  gave  the  number  18359. 
Earlier  estimations  also  gave  numbers  approaching  184,  and 
ence  the  number  183  "5  probably  most  nearly  represents  the 
truth. 


k 


URANIUM.     U  =  240. 


469  The  mineral  kno^vn  as  pitchblende  was  formerly  believed 
by  certain  chemists  to  be  an  ore  of  either  zinc  or  iron,  whilst  by 

t others  it  was  thought  to  contain  tungsten.  Klaproth,  in  1789, 
iras  the  first  to  point  out  the  existence  in  this  mineral  of  a 
peculiar  metal,  to  which  he  gave  the  name  of  uranium,  in  re- 
membrance of  Ilerschel's  discovery  of  the  planet  Uranus,  in 
the  year  1781.  The  body  obtained  by  Klaproth  by  the  reduc- 
tion of  tlie  calx  of  uranium  was  supposed  by  all  the  chemists 
who  subsequently  investigated  the  subject  to  be  the  metal,  until 
P^ligot*  in  1842  proved  this  body  to  be  an  oxide.  Peligot  like- 
wise isolated  the  metal  and  determined  its  atomic  weight. 

Uranium  is  not  a  very  abundant  element,  and  its  chief  ore  is 
pitchblende.  This  consists  of  impure  uranoso-uranic  oxide,  UjOg, 

'  Mem.  Man.  Lit.  onrf  Phil.  Soc  [3]  T,  77. 
»  Ann.  Chim.  Phys.  [3],  v.  S. 
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and  is  found  in  Cornwall,  at  Joachimsthal,  Johanngeorgenstadt, 
Adrianople,  and  other  localities.  Uranium  is  also  found  as  phos- 
phate in  uranite  or  uranium-mica,  as  carbonate  in  liebigite, 
whilst  as  urano-tantalite  or  samarskite  it  is  found  combined  with 
niobium  and  tantalum.  Pitchblende  is  the  best  source  of  ura- 
nium, this  mineral  usually  containing  from  40  to  90  per  cent 
of  uranoso-uranic  oxide  UjOg.  The  following  analysis  by 
Ebelmen  gives  the  composition  of  an  average  specimen  of  pitch- 
blende : 

Uranoso-uranic  oxide,  UgOg 75"23 

Lead  sulphide 4-82 

Silica 3-48 

Lime 5-24 

Magnesia 2*07 

Soda 205 

Ferrous  oxide 3*10 

Manganous  oxide 0'82 

Carbon  dioxide 3-32 

Water 185 

101-98 

The  process  recommended  by  Wohler  for  the  extraction  of 
uranium  from  pitchblende  is  as  follows  :  The  powdered  mineral  is 
digested  with  sulphuric  acid,  small  quantities  of  nitric  acid  being 
added  from  time  to  time  to  the  mixture.  As  soon  as  the  precipi- 
tate is  transformed  into  a  white  powder  and  partially  dissolved, 
the  excess  of  sulphuric  acid  is  driven  off,  and  the  residue 
digested  with  water.  This  leaves  a  residue  of  silica,  lead  sul- 
phate, and  the  basic  sulphates  and  arsenates  of  bismuth.  The 
filtered  liquid  is  then  warmed,  aud  a  current  of  hydrogen  sul- 
phide passed  through  it,  when  arsenic,  antimony,  copper,  and 
the  rest  of  the  lead  and  bismuth  are  thrown  down.  The  filtrate 
is  then  oxidized  by  nitric  acid,  and  an  excess  of  ammonia 
added ;  the  precipitate  containing  the  ferric  and  nranic 
hydroxides  is  next  washed  with  ammonia,  and  then  digested  at 
100°  with  a  concentrated  solution  of  carbonate  of  ammonium 
containing  an  excess  of  ammonia.  The  uranic  hydroxide  dis- 
solves, and  the  yellow  double  carbonate  of  uranium  and  am- 
monium crystallizes  out  on  cooling.  The  mother-liquor  still 
contains  a  small  quantity  of  uranium,  together  with  cobalt, 
nickel,  and  zinc,  and  these  latter  metals  are  precipitated  by 
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sulphide  of  ammonium,  which  is  added  drop  by  drop  until  no 
further  brown  precipitate  falls.  The  filtered  liquid  is  boiled, 
and  tliis  soon  deposits  a  yellow  precipitate  of  ammonium 
uranate.     Another  process  described  by  Pelignt  depends  upon 

I  the  facility  with  which  ui-anic  nitrate  crystallizes,  and  upon  its 
ready  solubility  in  ether.  Finely  powdered  pitchblende  is 
treated  with  nitric  acid,  the  acid  solution  evaporated  to  dryness, 
and  the  residue  washed  with  water,  leaving  a  residue  consisting 
of  sidphate  of  lead  and  ferric  arsenates.  The  filtered  liquid  has 
a  greenish-yellow  colour,  and  yields  on  concentration  a  radiated 
crystalline  mass.  Tliis  is  then  dried,  the  mother-liquor  eva- 
porated, and  the  whole  again  crystallized.  Long  prismatic 
crystals  are  thus  deposited,  which  must  be  washed  with  a  small 
quantity  of  cold  water,  the  washings  beiug  again  used  for  dis- 
solving another  portion  of  the  crude  nitrate.  After  having  been 
dried,  the  crystals  are  shaken  up  with  ether,  when  uranium 
nitrate  dissolves,  and  is  obtained  in  the  form  of  crystalline 
needles  on  evaporation  of  the  ethereal  solution. 

470  Preparation  of  Metallic  Uranium.  PtJligot  first  obtained 
uranium  in  the  pure  state,  preparing  it  by  the  action  of  potas- 
sium or  sodium  on  uranous  chloride.  A  mi.xture  of  7o  grams  of 
nranous  chloride,  UCl^  150  grams  of  dry  potassium  chloride,  and 
60  grams  of  sodium  cut  into  pieces  is  placed  in  a  crucible,  and 
covered  with  potassium  chloride.  The  crucible  is  then  enclosed 
in  R  larger  one,  the  space  between  them  being  packed  with  char- 
coal powder.  The  whole  is  slowly  heated  to  redness  in  an  air- 
furnace,  and  when  the  reaction  has  taken  place  the  fire  is  strongly 

'  urged  so  tliat  the  metal  fuses,  liut  the  flux  does  not  volatilise. 
Tlie  reduced  uranium  is  then  found  as  a  button  inside  a  black 
very  dense  slag. 

Uranium  thus  obtained  has  a  specific  gravity  of  18*33.  It 
is  malleable  and  hard,  and  has  a  colour  like  that  of  nickel.  It 
is  permanent  in  tlie  air  at  the  ordinary  temperature,  and  does 
not  decompose  water,  but  in  the  pulverulent  state  it  takes  fire 
at  207°,  burning  brightly,  and  forming  the  green  oxide.  It 
unites  directly  with  chlorine  with  disengagement  of  heat  and 
light,  and  combines  with  sulphur  when  heated  together  with  it 
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471  Uranium  fomis  two  oxides,  UO.,  and  UO3,  and  these  com 
bine  to  form  intermediate  oxides.  The  dioxide  is  a  basic,  whilst 
the  trioxide  is  an  acid-forming  oxide,  and  both  these  are  dis- 
tinguished from  other  oxides  by  several  remarkable  properties- 
The  dioxide  combines  directly  with  chlorine  to  form  the  com- 
pound UOjCl,,  which  can  also  be  prepared  by  dissolving  th& 
trioxide  in  hydrochloric  acid.  Other  acids  form  with  the  tri- 
oxide corresponding  compomids. 

According  to  the  suggestion  of  Peligot,  the  dioxide  is  usually 
regarded  as  a  compound-radical,  to  which  the  name  urnnyl  is 
given,  the  trioxide  being  the  oxide  of  this  radical.  That  the 
dioxide  really  acts  as  a  compound-radical  appears  from  an 
interesting  observation  made  by  Ebelmen  ^  that  the  oxide  pre- 
cipitates metallic  silver  from  its  solutioiis  without  any  evolution 
of  oxygen. 

Besides  these,  we  are  acquainted  with  other  oxides  containing 
less  oxygen  than  the  dioxide,  and  also  with  other's  which  contain 
more  than  the  trioxide  ;  these  compounds  have,  however,  been 
but  slightly  investigated. 
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472  Uranium  Dioxide,  UOj.  This  oxide,  formerly  mistaken 
for  the  metal  uranium,  is  obtained  by  heating  the  uranoao-iminic 
oxide  or  uranic  oxalate  in  a  current  of  hydrogen.  Thus  pre- 
pared it  is  a  pyrophoric  powder,  liaving  a  brown  or  copper-red 
colour,  and  a  specific  gravity  of  1015.  When  heated  in  the 
air  it  takes  fire,  and  is  completely  converted  into  the  oxide, 
UjOg.  It  dissolves  in  strong  acids,  forming  the  green  uranous 
salts. 

Uranous  Hydroxide  is  precipitated  in  reddish-brown  flakes, 
which  become  black  on  ebullition,  by  adding  an  alkali  to  a 
uranous  solution.  It  dissolves  easily  in  dilute  acids,  whilst 
the  calcined  oxide  is  only  difficultly  soluble  in  these  liquids. 

Uranium  TetratMoridc,  or  Uranous  Chloride,  UCl^.  This  is 
produced   with  vivid  incandescence,  when  chlorine  is   passed 

«  Ann.  Chim.  Phya.  [3]  T.  219. 
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over  metallic  uranium.  It  is  also  prepared  by  igniting  uranous 
oxide  in  a  current  of  dry  hydrocbloric  acid.  The  best  method 
of  preparation  is,  however,  to  pass  chlorine  over  an  intimate 
mixture  of  charcoal  and  any  of  the  oxides  of  uranium  strongly 
heated  in  a  tube  of  hard  glass.  It  crystallizes  in  splendid  dark- 
green  regular  octohedrons,  having  a  metallic  lustre,  and  volatili- 
zing in  red  vapours.  It  is  extremely  deliquescent,  fumes  strongly 
on  exposure  to  the  air,  and  dissolves  readily  in  water,  with 
evolution  of  heat  and  formation  of  a  deep  emerald-green 
solution,  Tliis,  when  concentrated  in  a  vacuum,  leaves  an 
amorphous  deliquescent  mass  of  uranous  chloride,  but  when 
evaporated  by  heat  it  decomposes,  yielding  a  soluble  residue, 
probably  consisting  of  the  o.xychloride.  Solutions  of  uranous 
chloride  yield  with  alkalis  a  precipitate  of  uranous  hydrate. 
The  solution  acts  as  a  powerful  deoxidizing  agent,  reducing 
gold  and  silver  salts,  and  converting  ferric  chloride  into  ferrous 
chloride.    ' 

It  was  by  the  analysis  of  this  chloride  that  Puligot  ascer- 
tained that  the  supposed  metal  was  in  reality  an  oxide.  By 
reduction  in  hydrogen  Uranium  se^nicliioride,  UjCl^,  is  obtained 
as  a  dark -brown  powder. 

Uranium  tetrachloride  combines  directly  with  ammonia, 
forming  the  compound  3UC1^  +  4NH3.  This  yields  on  heating 
a  brown  chloride,  having  the  formula  UjClg. 

Uranium  telrairomiiU,  UBr^,  is  obtained  by  heating  in  an 
atmosphere  of  bromine  vapoiu  a  previously  ignited  mixture  of 
tutinous  oxide  and  six  times  its  weight  of  st<arch.  The  bromide 
is  deposited  in  the  more  strongly-heated  portions  of  the  tube  as  a 
brown  powdery  msiss.  exhibiting  crj'stalline  structure.  It  fumes 
in  the  air,  and  is  veiy  deliquescent. 

Uranium  Tctraiodide,  UI,,  described  by  Eamraelsberg,  is  the 
only  known  compound  of  uranium  and  ioiline.  It  is  obtained  by 
dissolving  urauous  hydrate  in  hydriodic  acid.  A  green  solution 
is  thus  obtained,  which  decomposes  on  evaporation. 

Uraniuin,  Tdraflitoride  or  Uranous  Fluoride,  UF^,  is  obtained 
in  the  form  of  a  voluminous  green  powder  when  hydrofluoric 
acid  is  added  to  a  solution  of  uranous  chloride.  It  is  insoluble 
in  water  and  hydrofluoric  acid,  and  when  heated  in  the  air  it 
leaves  a  green  residue  of  oxide.  Wlien  ignited  in  hydrogen  it 
loses  hydrofluoric  acid,  leaving  a  residue  of  the  basic  fluoride.' 

■  Uranous  fluoride  forms  double  salts  with  the  alkaline  fluor- 

■  '  Curington  Boltou,  Berlin  Acad.  Bcr.  1866,  299. 
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ides.  Potassium  urano-fluoride,  KF.UF^,  is  obtained  by  the 
action  of  reducing  agents,  such  as  formic  and  oxalic  acids, 
under  the  influence  of  light,  upon  potassium  urano-oxy fluoride, 
described  below.  It  is  a  green  powder,  resembling  uranous 
fluoride,  insoluble  in  water  and  in  dilute  acids. 

Uranous  Sulphate,  U(SO^)j  +  SHjO,  crystallizes  from  aqueous 
solution  in  greenish  rhombic  prisms.  In  order  to  prepare  this 
salt  the  green  oxide,  UjOg,  is  dissolved  in  dilate  sulphuric  acid, 
and  the  solution  allowed  to  crystalhze  after  addition  of  some 
alcohol.  The  mother-liquor,  which  contains  uranyl  sulphate, 
yields  another  crop  of  crystals  of  uranous  sulphate,  after  it  has 
remained  exposed  to  the  ligiit,  inasmuch  as  the  uranyl  present 
in  solution  is  reduced  by  the  alcohol,  and  uranous  sulphate, 
being  insoluble  in  dilute  alcohol,  sepai-ates  out  in  crystals  con- 
taining four  molecules  of  water.  Uranous  sulphate  forms  double 
salts  with  the  sulphates  of  the  alkali-metals;  as,  for  instance, 
U(SO,)j  +  KjSO,  +  HjO,  and  U(SOJj+  (NH,)jSO,+  H,0. 
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473  Chcen  Oxide  of  Uranium^  UjOg  =  XJOj  +  2U0j,  occnrs 
more  or  less  pure  in  pitchblende.  The  pure  oxide  can  be  ob- 
tained by  gently  heating  the  trioxide  or  the  dioxide  in  the  air  in 
the  form  of  a  satiny  dark-green  powder,  having  a  specific  gravity 
of  7'2,  and  soluble  in  strong  acids. 

Black  Oxide  of  Uranium,  or  Uranium  Pcntoxidc,  UjOg  =  UOj 
+  UOj,  is  formed  when  the  other  oxides,  or  ammonium 
uranate,  are  strongly  ignited  in  the  air.  It  is  a  black  powder, 
used  for  painting  on  porcelain. 

Uranium  Fcntachloride,  UClj,  is  obtained  by  the  direct  union 
of  the  tetrachloride  with  chlorine.  It  exists  in  two  distinct 
forms,  according  as  it  is  produced  slowly  or  quickly.  When 
the  current  of  chlorine  is  slow  the  pentacldoride  of  uranium 
forms  long  dark  needle-shaped  crystals,  which  reflect  light  with 
a  gi-een  metallic  lustre,  but  are  of  a  splendid  ruby-red  colour 
when  viewed  by  transmitted  light  If  the  rate  at  which  the 
chlorine  passes  be  rapid,  the  pentachloride  is  deposited  in  the 
form  of  a  light  brown  mobile  powder.  Tlie  magnificent  octo- 
hedral  crystals  of  the  tetrachloride  are  always  deposited  in 
quantity  in  that  pai't  of  the  tube  nearest  the  heated  mixture, 
then  the  black  needle-shaped  crystals  of  the  pentachloride  are 


fonned,  mixed  with  more  or  less  of  the  brown  powder,  which  is 
generally  csirried  a  considerable  distance  along  the  tube.  Both 
the  black  crj'stals  and  the  brown  powder  are  extremely  hygro- 
scopic, yielding  yellowish-green  liquids  on  exposure  to  the  air 
for  a  few  minutes,  and  hissing  and  giving  off  fumes  of  hydro- 
chloric acid  when  thrown  into  water.  Uranium  pentachloride 
cannot  be  volatilized  without  partial  decomposition,  as  when 
heated,  either  alone  or  in  an  atmosphere  of  chlorine,  or  carbon 
dioxide,  uranium  tetrachloride  and  free  chlorine  are  formed.  This 
dissociation  begins  in  an  atmosphere  of  carbon  dioxide  at  120°, 
and  is  complete  at  235°,  when  the  percentage  of  chlorine  con- 
tained in  the  residue  shows  that  one-fifth  of  the  chlorine  has 
been  driven  off.  The  tetrachloride  when  similarly  heated  loses 
no  chlorine.  ^ 
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474  Uranic  Oxide,  U0„  or  Uranyl  Oxide  (UO,JO.  When 
nranic  nitrate,  obtained  by  dissolving  the  lower  oxides  in  nitric 
acid,  is  heated  in  a  glass  tube  to  250°  so  long  as  acid  fumes 
escape,  this  oxide  is  left  behind  in  the  form  of  a  chamois 
brownish-yellow  powder. 

Uranic  Hydrate,  UOj  +  2IIjO,  cannot  be  obtained  by  precipi- 
tating a  uranic  salt  by  an  nlkali.  the  precipitate  thus  formed 
consisting  of  an  alkaline  uranate.  ^t  may,  however,  be  pre- 
pared, according  to  Berzelius,  by  gently  calcining  the  nitrate 
in  a  sand-bath  as  long  as  nitric  acid  is  evolved.  The  residue 
contains  uranic  hydrate  mixed  with  a  basic  salt,  which  can  be 
removed  by  washing  with  boiling  water.  It  may  likewise  be 
obtained  by  evaporating  a  solution  of  uranic  nitrate  in  absolute 
alcohol,  at  a  moderate  heat,  until  a  yellow  mass  remains,  con- 
sisting of  the  hydroxide,  U0j(0H)2  +  H^O.  This  hydrate 
loses  half  its  water  at  100°,  or  in  a  vacuum  at  the  ordinary 
temperature,  but  at  a  temperature  of  400°  it  begins  to  lose 
oxygen,  and  is  converted  into  uranoso-uranic  oxide.  Uranic 
hydroxide  is  yellow,  and  has  a  specific  gravity  of  592.  It  does 
not  undergo  change  in  the  air,  nor  does  it  absorb  carbonic  acid. 

The  uranyl  salts  are  yellow-coloured,  and  most  of  them 
possess  a  remarkable  power  of  fluorescence,  which  they  im- 
part to  glass.  The  absorption  bands  exhibited  by  the  uranyl 
compounds  have  been  studied  by  Becquerel  and  others.  These 
'  Rosooe,  Chcm.  Soc.  Joum.  1874,  933. 
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salts  are  also  liiglily  sensitive  to  light,  and  are  frequently  em- 
ployed for  photographic  purposes. 

Uranyl  Chloride  or  Uranium  Oxychlorich,  UOgCU,  is  formed 
when  dry  chlorine  gas  ia  passed  over  uranous  oxide  at  a  red 
heat.  The  tube  then  becomes  filled  with  the  orange-yellow 
vapour  of  this  compound,  whicli  solidifies  to  a  yellow  crystal- 
line mass,  which  is  ea.sily  fusible,  but  not  very  volatile. 

Uranyl  chloride  ia  soluble  in  water,  alcohol,  and  ether,  and 
its  aqueous  solution  yields  on  evaporation  crystals  of  the 
hydrate,  UO^CI^  -f-  H^O.  This  may  be  obtained  in  solution  by 
acting  upon  uraoic  oxide  with  hydrocWoric  acid,  or  by  oxi- 
dizing a  solution  of  uranous  chloride  with  nitric  acid. 

Uranyl  chloride  forms  double  chlorides  with  the  chlorides  of 
the  alkali  metals.  The  ammonium  salt,  2NH^C1-H  UOjClj-J- 
2H2O,  crystallizes  in  rhombohedrons  from  a  syrupy  solution  of 
the  mixed  salts.  The  potassium  salt,  2KC1-1- UO^Clj-f  2HjO, 
ia  obtained  by  dissolving  potassium  uranate  in  excess  of  hydro- 
chloric acid,  adding  chloride  of  potassium,  and  evaporating. 
Large  riiombic  tables  separate  out,  which  have  a  yellowish- 
green  colour,  and  are  very  soluble.  Uranyl  chloride  also  com- 
bines with  the  hydrochlorides  of  the  organic  bases  (Greville 
WiUiams). 

Uranyl  BrmniiU  or  Uranium  Oxyhromidc,  UO^Brj,  is  obtained 
by  treating  uranous  oxide  with  bromine  and  water,  or  by  dis- 
solving uranic  oxide  in  hydrobromic  acid.  On  evaporation 
yellow  needles  are  deposited,  which  have  a  st)'ptic  taste. 

Uranyl  Fluoride  or  Uranium  Oxyfluoride,  UOjFj,  is  obtained 
as  a  nearly  white  uncrystallizable  mass,  soluble  in  water  and 
alcohol,  by  treating  uranoso-uranic  oxide  or  uranic  hydrate 
with  hydrofluoric  acid  and  evaporating  the  solution  (Berzelius ; 
Bolton).     It  forms  double  salts  with  the  alkaline  fluorides. 

Potassium  Uranivm  Onjifluoride,  UO^FySKF,  is  a  lemon- 
yellow  crystalline  precipitate,  formed  when  an  excess  of  potas- 
sium fluoride  is  added  to  a  solution  of  uranyl  acetate.  It  ia 
purified  by  crystallizing  from  boiling  water.  Corresponding 
sodium,  ammonium,  and  barium  salts  are  known  (Lolton). 

475  Uranyl  Sulphate,  U02S04  +  SE.fi,  is  obtained  by  heat- 
ing uranyl  nitrate  with  sulphuric  acid,  and  does  not  crj'stallizo 
readily.  When  dissolved  in  moderately  concentrated  sulphuric 
acid,  fine  yellowish-green  fluorescent  crystals  of  UOaSO,  + 
HjSO^  are  deposited  on  cooling,  whilst  from  a  solution  in  con- 
centrated sulphuric  acid  crystals  of  a  disulphate,  UOjSjO;,  are 
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deposited,  which  do  not  fluoresce.  By  the  gradual  oxidation 
of  the  pitchblende  found  in  Joachimsthal,  several  new  uranium 
minerals  have  been  formed.  Amongst  the  more  important  are 
certain  sulphates,  such  as  uranium-vitriol  or  johanniie,  and 
some  basic  sulphates. 

Uranyl  sulphate  forms  double  salts  with  the  sulphates  of  the 
alkali  metals,  such  as  UOjSO^  +  K^SO^  +  2U.p.  These  are 
very  soluble,  and  crystallize  in  yellow  crusts,  whilst  the  diffi- 
cultly soluble  ammonium  salt,  UOoSO^  +  (NHJjSO^+  211^,  is 
deposited  in  raonoclinic  lemon-coloured  f)ri&m3. 

i  Uranyl  Jf Urate,  U0j(N0s)j  -I-  6HjO,  is  prepared  by  dissolving 
any  of  the  oxides  of  uranium  in  nitric  acid.  It  crystallizes  in 
tine  lemou-yellow  fluorescent  rhombic  prisms,  which  are  soluble 
in  half  their  weight  of  water,  aud  deliquesce  on  exposure. 

Uranyl  Phosphates.     I'he  normal  orthophosphate  is  not  known. 

When  uranic  oxide  is  treated  with  phosphoric  acid,  a  crj'stal- 

line  powder  is  obtained  which  is  partially  soluble  in  water,  and 

,  the  solution  deposits  yellow  crystals  of  the  di-hydrogen   salt, 

*UOj(H,POJj  +  3HjO.    The  residue  contains  Srb.tnj'O,)^  -f- 

3H,0. 

Uranyl  Amvionium  Phmpluite,  U0.,NH^1'0^,  is  a  greenish- 

'  yellow  precipitate,  insoluble  in  acetic  acid,  obtained  by  adding  a 

soluble  phosphate  to  a  solution  of  uranyl  acetate  containing  sal- 

■  ammoniac.     This  reaction  is  employed  for  the  volumetric  deter- 

^  mination  of  uranium  as  well  as  lor  that  of  phosphoric  acid. 

Several  double  pho-sphates  occur  as  minerals;  thus  (UO^jjCa 
I  (PO^j  -I-  SIIjO,  is  known  as  uranochalcite. 

Uranyl  Arsenates.  Several  of  these  compounds  exist  as 
minerals  (W'inkler).  Trogerite  has  the  composition  (UOo)3(AsOJj 
+  12H,0;  walpurgine  is  a  basic  arsenate  of  uranyl  and  bis- 
muth ;  urauospinite  is  an  arsenate  of  uranium  and  calcium. 

Uranyl   Carlwnates,     Double  salts  of  uranyl   carbonate   and 
alkaline  carbonates  are  obtained  by  precipitating  a  uranyl  salt 
I  with   an  alkidine  carbonate.      The  potassium  salt,    1^0,00^  + 
2KjC0j,  is  obtained  by  dis-solving  potassium  nranate  in  bicar- 
lx)nate  of  potash,  and  evaporating  at  a  moderate  temperature, 
^when  the  compound  deposits  in  silky  ci-ystalline  crusts.     "Water 
olves  at  the  ordinary  temperature  seven  per  cent,  of  its  weight 
tliis  salt.    The  corresponding  sodium  salt  is  obtained  in  a 
I  similar  way,  and  posaessea  corresponding  properties.    The  am- 
monium  compound,  UOjCOj  -t  2(NirjjC03,    is    prepared   by 
,  gently  warming  ammonium  uranate  with  a  solution  of  ammonium 
97 
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carbonate.  The  salt  separates  out  on  coolmg  in  lemon-yellow 
small  flat  monoclinic  prisms.  It  dissolves  at  the  ordinary  tem- 
perature in  20  per  cent,  of  vrater,  but  is  less  soluble  in  water 
containing  carljonate  of  ammonia.  The  mineral  liebigite  is  an 
apple-green  warty  mass,  occumng  together  with  other  uranium 
minerals.  It  is  a  uranyl  calcium  carbonate,  UOjCOj  +  CaCOj  -i- 
lOHjO. 


THE  URANATES. 


476  Uranyl  oxide  not  ouly  forms  the  uranyl  salts,  but  also 
unites  with  basic  metallic  oxides  to  form  the  uranatat.  The 
alkaline  uranates  are  obtained  by  precipitating  a  uranic  salt 
with  an  alliali,  those  of  the  alkaline  earths  and  other  metals  by 
precipitating  a  mixture  of  a  uranic  salt  and  a  corresponding 
metallic  salt  with  ammonia.  They  are  also  formed  when  a 
mixture  of  metallic  uranate  and  the  acetate  or  carbonate  of  the 
metal  is  heated  in  the  air.  The  uranates  generally  have  the 
composition  M2O.2UO3,  and  correspond  to  the  dichromates. 
They  are  yellow,  insoluble  in  water  but  soluble  in  acids,  and 
are  decomposed  by  heat,  like  uranic  oxide  itself. 

Potasniun  Uranatr,  K^UjOj.  This  is  obtained  as  a  pale 
orange-yellow  coloured  powder  by  precipitating  a  uranic  salt 
with  an  excess  of  potash,  or  by  fusing  uranic  oxide  with  potas- 
sium carbonate. 

SoilUim  Uranate,  NajtJjO-,  is  obtained  like  the  potassium  salt, 
and  is  known  as  uranium  yellow,  being  used  for  painting  on 
glass  and  porcelain,  as  well  as  for  preparing  the  yellow  glass 
known  as  uranium  glass.  It  is  prepared  on  the  large  scale  by 
roasting  100  parts  of  pitchblende,  containing  45  per  cent  of 
UjOg,  with  14  parts  of  lime  in  a  reverberatory  furnace.  The 
resulting  calcium  uranate  is  treated  with  dilute  sulphuric  acid, 
and  the  solution  of  uranic  sulphate  thus  obtained  is  mixed  with 
sodium  carbonate.  The  uranium  is  precipitated  together  with 
the  other  metals,  but  re-dissolves  in  an  excess  of  the  alkalL  On 
treating  this  liquid  with  dUute  sulphuric  acid,  a  hydrated  sodium 
uranate,  or  uranium  yellow,  Na-jU^O^  -f-  6HjO,  is  obtained.* 

Ammonium  Uranate.  This  salt  sometimes  occurs  in  commerce 
as  a  fine  deep  yellow-coloured  precipitate,  termed,  like  the 
sodium  salt,  uranium  yellow.     It  is  easily  obtained  by  adding 

'  Patera,  Joum,  Pmct.  Chem.  bd.  397. 


ammoniam  chloride  or  sulpbate  to  a  boiling  solution  of  sodium 
uranate,  washing  the  resulting  precipitate,  and  drying  at  a  gentle 
heat  When  heated  to  redness  this  salt  yields  pure  uranoso- 
uranic  oxide,  and  serves  therefore  as  the  raw  material  for  the 
preparation  of  other  uranium  compounds. 


URANIUM  TETROXIDE  AND  THE 
PERURANATES. 


. 


477  These  compounds  were  discovered  by  Fairley,*  but  have 
not  yet  been  thoroughly  examined. 

Uranium  Tetroridc,  UO,.  When  a  very  dilute  solution  of 
hydrogen  dioxide  is  added  to  one  of  uranyl  nitrate,  a  yellowish- 
white  precipitate  of  UO^+2HjO  is  formed,  which  evolves  chlorine 
when  treated  with  hydrochloric  acid.  If  uranyl  nitrate  solution 
be  twided  to  a  mixture  of  hydrogen  dioxide  and  a  large  excess  of 
sulphuric  acid,  no  precipitate  is  obtained,  but  on  standing  for 
some  time  a  small  quantity  of  the  anhydrous  oxide  separates 
otit  as  a  hea^y,  colourless  crystalline  powder. 

Potassium  Pcniranate,  K^UO^  +  IOH.,0,  is  a  yellow  or  orange 
precipitate  formed  when  alcohol  is  added  to  a  solution  of  uranyl 
nitrate,  caustic  potash,  and  hydrogen  dioxide.  The  salt  is  very 
unstable,  losing  oxygen,  and  rapidly  absorbing  carbon  dioxide 
on  exposure. 

Sodium  PeruraTUtte,  Na^UOg  +  SH^O,  is  formed  in  a  similar 
manner  to  the  preceding  compound,  and  crystallizes  in  golden- 
yellow  needle-shaped  crystals,  which  are  somewhat  more  stable 
tlian  the  potassium  salt.  If  the  minimum  quantity  of  caustic 
8o<la  be  employed,  a  red  crystalline  salt  separates  out,  having 
the  composition  NojUjOk,  +  6HjO.  This  may  be  regarded  as 
uranyl  sodium  peruranate  (U0j)XajU03  4  GHjO,  and,  in  the 
same  way,  the  tetroxide  may  be  considered  to  be  uranyl  per- 
xuanate  (IJ0j).U08. 


URANIUM  AND  SULPHUR. 


478  Uranous  Sulphide,  USj,  is  obtained,  according  to  Pdligot, 
when  metallic  umnium  is  heated  in  sulphur  vapour.     The  mass 
takes  fire  and  an  amorphous  greyish-black  powder  is  obtained 
»  Okon.  Soc.  Joum.  1877,  i.  12Z, 
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wliicli  becomes  crj'stalline  when  ignited  in  absence  of  air.  It 
may  also  be  formed  by  the  action  of  sulphuretted  hydrogen  on 
uranium  tetrachloride  heated  to  redness.  Sulphide  of  ammo- 
nium also  gives  a  black  precipitate  of  the  hydrated  sulphide  with 
uranium  salts.  When  exposed  to  moist  air  the  sulphide  gives  .  | 
off  hydrogen  sulphide  and  is  converted  into  urauyl  sulphide, 
UO,S. 

Uranyl  SuIiJhide,  UO^S,  is  precipitated  when  sulphide  of 
ammonium'  is  added  to  a  solution  of  uranic  nitrate.  It  dissolves 
partially  in  cold  water,  forming  a  brown  solution. 

Uranic  sulphide  has  not  been  obtained,  but  double  salts  exist 
of  this  sulphide  with  sulphides  of  potassium  and  ammonium. 
Thus  if  tlte  precipitate  formed  by  sulpliide  of  ammonium  in  a 
uranic  salt  be  left  for  a  short  time  in  contact  with  the  liquid  the 
whole  is  converted  into  a  blood-red  compound  containing  sulphide 
of  ammonium,  and  this  wiien  treated  with  caustic  potash  solution 
jrields  a  red  powder  termed  uranium-red.  Its  composition  is  veiy 
complex,  and  its  constitution  is  doubtful.  The  red  uranium  com- 
pound yields  corresponding  red  compounds  with  sodium,  baiiiun, 
and  strontium.* 


Detection  and  Estdwation  of  Uranium, 

479  The  most  characteristic  reactions  of  uranium  have  been 
already  described. 

The  uranous  salts  are  green,  and  pass  rapidly  by  oxidation  into 
the  uranyl-salts  which  are  precipitated  yellow  by  alkalis  and  their 
carbonates.  In  the  general  separation  of  the  metals  uranium  is 
obtained  together  with  iron.  In  order  to  separate  these,  the  pre- 
cipitated oxides  are  washed  and  treated  with  a  concentrated 
solution  of  carbonate  of  ammonium,  and  filtered.  Uranium  is 
detected  in  the  filtrate  after  supersaturation  with  hydrochloric 
acid,  by  the  brown  precipitate  produced  with  ferrocyanide  of 
potassium.  "When  a  uranium  compound  is  fused  with  micro- 
cosmic  salt  in  the  oxidizing  flame,  a  yeUow  bead  is  obtained 
which  on  cooling  becomes  green,  and  on  re-heating  attains  a 
darker  giecn  colour.  The  uranyl  salts  yield  a  peculiar  absorp- 
tion spectrum  which  has  been  described  by  Morton  and  Bolton.* 

In  order  to  determine  uranium  qnanlilaticcly,  it  is  converted 

"  Pritpra,  Ann.  Chem.  Pharm.  IxxxvL    254;  Semale,  Jmtrn,   Pnct.  Chtm. 
icvii.  1»3. 
'  American  Chemist,  iii,  380  uid  401. 
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into  the  umnyl  salt,  precipitated  with  ammonia,  and  the  washed 
precipitate  converted  by  oxidation  into  the  green  oxide  It  may 
then,  like  iron,  be  determined  volumetrically  with  a  solution  of 
potassium  permanganate,  having  previously  reduced  the  uranyl 
compound  in  presence  of  zinc  and  sulphuric  acid  into  uranous 
salt,  or  the  solution  of  uranyl  acetate  may  be  precipitated  by 
sodium  phosphate. 

The  uranium  compounds  do  not  impart  any  tint  to  the 
iion-luminous  gas-flame.  The  spark-spectrum  of  uranium  is  a 
complicated  one,  and  has  been  mapped  by  Thalen.  It  consists 
of  a  large  number  of  lines  of  which  a  series  of  five  in  the 
green  are  conspicuous  by  their  brightness,  viz.,  w.l,  5493,  5481, 
5479,  5477,  and  5474 ;  also  three  specially  bright  iii  the  more 
refrangible  portions,  viz.,  4472,  4362,  and  43i0. 

The  atomic  vci;/ht  of  uranium  was  determined  by  Puligot 
by  the  analysis  of  the  tetrtichloride  which  iie  found  to  contain 
37'2  per  cent,  of  chlorine,  whence  he  calculated  the  number  2388 
as  the  atomic  weight.  He  afterwards  obtained  the  number  239'5 
by  the  conversion  of  the  acetate,  UO,(C2ll30^)2-)-Il20,  into  the 
dioxide.  These  numbers  agree  with  the  observations  of  other 
chemists  so  nearly  that,  as  no  other  exact  determinations  have 
been  made,  the  atomic  weight  is  usually  assumed  to  be  240. 

Fosition  of  Uranium  amongd  the  ElemaUs.  Until  recently 
uranium  was  classed  in  the  iron  group  of  metals  and  considered 
to  possess  the  atomic  weight  120,  its  oxides  corresponding  to 
those  of  iron  and  having  the  funnula?  UO  and  UjOj.  As,  how- 
ever, the  highest  oxide  of  uranium,  like  the  highest  oxides  of  the 
other  metals  of  the  chrouiium  gi-oup,  is  a  distinctly  acid-form- 
ing oxide,  and  as  uranium  yields  uranyl  compounds  analogous  to 
ehromyl  compounds,  and,  moreover,  as  uranium,  like  molybdenum 
and  tungsten,  combines  with  five  atoms  of  chlorine  to  form  a  penta- 
chloride,  uranium  is  now  usually  classed  with  chromium,  and 
supposed  to  have  an  atomic  weiglit  of  240.  Ttie  positive  solution 
of  the  question  of  the  position  of  uranium  amongst  the  elements 
can,  however,  only  be  decided  by  a  vapour-density  determination 
of  a  volatile  chloride  or  bromide  or  by  a  specific-heat  determina- 
tion of  the  metal 
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Tin.      • 
Tit-anium. 


Zirconium. 
Thorium. 


These  metals  are  closely  connected  with  the  non-metaHic 
element  silicon,  inasmuch  as  they  form  dioxides  corresponding 
to  SiOj,  as  well  as  volatile  tetrachlorides  like  SiCl,.  Their 
fluorides,  moreover,  combine  with  the  fluorides  of  other  metals 
to  form  salts  corresponding  to,  and  isomori)hou3  with,  the  silico- 
fluorides. 


TIN  (Stannum),  Sn  =  iiy-S. 


480  Tliis  metal  was  known  iji  early  times.  It  is  very  nn 
certain  whether  the  word  "  bedil "  in  the  Old  Testament,  which 
is  translated  by  the  Greek  word  (cao-<Tt'rfpoy,  and  by  the  Latin 
stannum,  was  originally  used  to  designate  tin.  It  is  likewise 
doubtful  whether  the  metal  wliich  the  Pha^nicians  are  said  to 
have  brought  from  the  Cassiterides,  whose  exact  locality  was 
unknown  to  Heroilotus,  was  really  tin.  Possibly  the  Greek 
word  is  connected  with  the  Arabic  "kasdir,"  which  signifies  tin. 
It  is,  however,  certain  that  at  the  beginning  of  our  era  the  word 
was  used  to  specify  tin,  for  Pliny  states  that  camtfron  and 
2>lu77ibum  candulum  are  the  same,  and  he  adds  that  it  is  more 
expensive  than  plumbum  nigrum  (lead) ;  he  moreover  states  that 
it  serves  for  soldering  the  latter  metal,  and  that  it  is  obtained  from 
the  Cassiterides  in  the  Atlantic  Ocean.  That  the  Cassiterides 
really  were  the  British  Islands  appears  more  than  probable,  for 
after  Cajsar's  conquest  tin  was  carried  from  the  Cornish  mines 
through  Gaul,  by  way  of  Marseilles  to  Italy ; '  and  Diodoras 
^  0.  Smith,  The  CasaiUridcs.     London,  1863. 
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fiiculos  mentions  tliat  the  inhabitants  carry  the  tin  to  a  certain 
H^nd  called  IktLs,  lying  on  the  coast  of  Britain.  "  During  low 
"srater  tho  intermediate  space  is  left  dry,  and  they  then  carry 
over  abuncjance  of  tin  to  this  place  in  their  carts."  There  can 
be  little  doubt  that  the  Iktis  of  iJiodorus  is  St.  Michael's  Mount, 
in  Mount's  Bay,  in  Cornwall ;  for  up  to  the  present  day  a  cause- 
way exists,  flooded  at  high  water,  but  dry  at  low  water,  across 
which  the  inhabitants  are  in  the  habit  of  carrying  goods  to  and 
from  the  mainland.  The  names  by  which  Pliny  designates  tin 
and  lead  seem,  however,  to  show  that  he  did  not  consider  these 
as  distinct  metals,  but  rather  as  varieties  of  one  metal,  and  he 
adds,  "  Sequitur  natura3  plumbi  cujus  duo  genera,  nigrum  at- 
jue  candidum."  The  word  sfaniuun,  which  at  a  later  period 
came  the  general  designation  for  tin,  also  occurs  in  Pliny's 
arks,  though  it  appears  certain  that  by  this  word  he  did  not 
ify  tin,  but  rather  any  mixture  of  mettds  wbicli  contains 
Geber  was  well  acquainted  with  tin,  and  be  mentions  its 
important  properties,  especially  that  peculiar  crackling 
sund  which  the  metal  emits  when  bent,  as  well  as  the  fact 
that  it  forms  brittle  alloys.  Tin  was  termed  Jnjriter  by  the 
alchemists,  and  to  it  the  sign  11  was  given ;  but  owing  to  the 
above-mentioned  propeity  of  forming  brittle  alloys  it  was  some 
times  termed,  by  them,  dinhohis  mdallorum. 

Tin  has  been  found  in  small  quantities  in  Siberia,  Guiana,  and 
Bolivia  in  the  native  state,  together  with  metallic  goltl.  though 

Ke  metaUic  tin  from  the  last-named  locality  may,  according  to 
irbes,*  possibly  have  been  an  artificial  product.^  It  has  al.so 
en  found  in  small  tablets  in  bismutite  from  ^lexico. 
The  chief  ore  of  tin  is  cassiterite,  or  tinstone,  a  more  or  less 
^ure  form  of  the  dioxide,  SnO.^.  Less  frequently  it  is  found 
^B  tin-pyrites.  Cu^SnS^  -f  (FeZn^gSnS^,  and  occasionally  as  sili- 
H^t«.  It  also  occurs  in  small  (quantity  in  certain  epidotes,  as 
^■ell  as  in  columbites,  tantalites,  and  otlier  similar  minerals, 
^parious  mineral -waters  likewi.se  contain  traces  of  tin,  and 
this  metal  has  also  been  detected  in  certain  meteoric  masses. 

481   The  Mdallurijy  of  Tin.    All  commercial  tin  is  obtained 

from  tinstone,  which  is  found  in  veins  traversing  the  older  crj-stal- 

Hbie  and  schistose  rocks.     The  same  is  also  foimd  as  stream-tin 

^m  waUT-worn  nodules  amongst  the  detritus  of  the  same  rocks. 


.»  Pliil.  Mnq.  HI  \x\x.  133;  XTX.  142. 

We  liavf  fxaiiiiiied  llic  R(i€Tinu'n  of  inntaUic  tin  described  by  Forbes,  and  •« 
Sliueti  to  bblieve  it  to  bo  a  iiaturiil  ]iruduct. 
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Tin  ore  is  not,  however,  very  widely  distributed,  only  occurrt*' 
in  large  masses  in  a  few  localities.     The  oldest  and  best  kno^^^ 
tin  mines  from  which  tin  has  continuously  been  obtained  p^^ 
bably  from  the  time  of  the  Pliaaiicians  up  to  the  present,  a.  ^ 
those  of  Cornwall.     The  ore  tliere  occurs  in  the  granite  and  ^ 
the  metamorphic  schistose  rock,  and  is  found  especially  rich  L  - 
the  killas,  a  metamorphic  clay  state,  and  in  the  line  of  junclior* 
of  this  with  granite.     It  is  found  in  veins  or  lodes,  in  Ix'ds  otS 
Hats,  and  in  ramifications  of  small  veins  or  "stock  werke,"  and 
these  tin   veuis   usually   niti   in    Cornwall  in  an   easterly  or 
westerly    direction.     The    following    minerals    are    frequently 
found,  together  with   tinstone:   wolfram,  apatite,  topaz,   mica, 
tourmaline,  arsenical  pyrites,  &c. 

Tin  mines  exist,  although  on  a  much  smaller  scale  than  in 
Cornwall,  in  other  parts  of  Europe,  as  in  the  Ei-zgebirge,  in 
Bretagne,  and  in  the  Spanish  province  of  Galicia.  Very  large 
deposits  of  tin  ores  are,  however,  found  in  otlier  quarters  of 
the  globe.  Thus,  for  instance,  in  the  Island  of  Banca,  and  on 
the  Malay  Peninsula,  large  quantities  of  lin-ore  are  found. 
cliiefly  in  the  fomi  of  stream -tin,  lliough  it  likewise  occurs  in 
lodes  in  granite  rocks.  This  source  of  tin  was  discovered  at  the 
beginning  of  last  century,  and  at  a  later  time  very  rich  mines, 
which  are  now  worked,  were  discovered  in  the  neighhouritig 
Islands  of  Bilitong.  Tin  has  also  been  worked  in  Bolivia  and 
'  I'eru,  and  lately  very  large  quantities  of  tin  have  been  obtained 
from  Australia,  and  especially  from  New  South  ^Vale.s  and 
Queensland.  In  New  South  Wales  the  production  of  tin  rose 
from  47  tons  in  1872  to  60,58  tons  in  1875,i  wliilst  in  Queens- 
laud  a  similarly  rapid  progress  has  been  made.  The  effect  of 
these  discoveries  of  Australian  tin- ore  has  been  to  depress,  or 
rather  almost  to  extinguish,  Coraish  tin-mining. 

Tlie  process  adopted  in  Cornwall  for  the  reduction  of  the 
metal  is  a  simjile  one.  Tlie  ore,  which  consists  not  only  of 
Comish  stoncj  but  likewise  of  Australian  and  Peruvian  ore, 
after  being  stamped,  is  washed  to  free  it  as  much  as  possible 
from  gungue,  and  is  then  roasted  in  calcining  furnaces  for  the 
purpose  of  driving  off  the  suljihur  and  arsenic  contained  in  the 
arsenical  and  ordinary  pyrites  generally  mixed  with  the  ore. 
The  vapours  from  these  revolving  calcining  furnaces  are  led 
into  chambers  in  which  the  arsenic  trioxide  condenses.  The 
construction  of  an  Oxiand  and  Hocking's  revolving  calciner 

>  Thtlnduatry  of  Xew  South  Wales,  G.  H.  Reid.     Triilmcr,  1878. 
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is  shown  in  Fig.  160.     Tlii»  consists  of  a  long  cylindei  lined 
with  firebrick,  and  placed  in  an  inclined  position.    The  fire  (h)  is 


fio.   161. 


placed  at  the  lower  end  (a),  wliilst  the  upper  end  is  in  connection 
with  chambers  in  which  tlie  iiraenic  trio.xide  condenses.  The 
ore  is  dried  on  the  top  of  these  chambers,  which  are  made  of 
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juri 
—prop 


iron  plate,  and  then  brought  by  means  of  the  hopper  (h)  into 
the  cylinder,  and  the  roasted  ore  falls  down  into  the  space  (f). 
This  then  undergoes  a  second  washing  in  order  to  remove  the 
ferric  oxide  and  other  oxidized  materials,  and  is  again  roasted  for 
the  purpose  of  volatilizing  the  last  traces  of  arsenic  and  sulphur. 
After  these  operations  the  roasted  ore  is  found  to  contain  from 
60  to  70  per  cent,  of  tin.  It  sometimes  happens  that  the  tin  ore 
is  mixed  with  more  or  leas  wolfram,  (FeMu)WO^,  and  as  this 
mineral  possesses  a  high  specific  gravity,  it  cannot  be  removed 
jm  the  tin  ore  by  washing.  In  order  to  remove  this  impurity, 
ie  presence  of  which  in  the  smelting  operations  would  prove  in- 
"jurious  to  the  quality  of  the  tin  obtained,  the  following  process 
sposed  by  Oxland  is  generally  adopted.  The  roasted  ore  is 
lelted  in  a  reverberatory  furnace  with  a  sufficient  quantity  of 
'soda-ash  to  furnish  a  sulublo  tung.state  of  the  alkali,  toegther 
^^wxth  the  oxides  of  iron  and  iiiaugauese.  The  soluble  tuiigstate 
^feei  upjct  removed,  by  solution  in  water,  from  the  oxides  of  iron 
^■ftnd  manganese,  and  the  unaltered  tinstone.  The  roasted  ore,  or 
PB^rJt  tin,  is  then  mixed  with  one-fifth  part  its  weight  of  antlira- 
cite  and  the  mixture  sprinkled  with  some  water  in  order  to 

t event  the  finely  divided  ore  from  being  blown  by  the  draft 
to  the  chimney.    The  construction  of  the  reverberatory  furnace 
is  shown  in  Figs.  161  and  1G2  ;  the  charge  is  introduced  by  the 
^■door  (d)  on  to  the  hearth  (a),  and  then  worked  through  the  door 
^Rt).     The  temperature  of  the  furnace  i,s  gradually  raised  for  five 
hours,  the  charge  then  repeatedly  stirred,  and  at  the  expiration 
»f  six  hours  the  reduced  metal  is  tapped  and  allowed  to  run 
jm  the  lower  part  of  the  hearth  through  tho  hole  ( f )  into  the 
sel  (g).     The  impure  tin  thus  obtained  is  then  cast  into 
Boulds,  and  these  are  refined  by  the  process  of  liquation.     This 
effected  by  placing  the  ingots  in  another  similar  reverberatory 
laca  which  is  gradually  heated,  so  that  the  pure,  more  easily 
asible  tin  first  melts  and  runs  into  a  cast-iron  vessel  (il)  placed 
below,  whilst  the  less  fusible  alloy  of  tin  with  iron  and  arsenic 
emains  on  the  hearth.     A  fire  is  placed  under  the  vessel  (h)  in 
ler  to  keep  the  metal  liquid,  and  this  is  then  stirred  up  with 
,  pole  of  green  wood,  usually  of  an  apple-tree.     The  length  of 
lis  operation  depends  upon  the  quality  of  the  metal  which 
is  desired   to   obtain,   and  may   last   from   one    to   several 
^nra.    Tlie  dross  which  separates  during  tlie  process  of  refining, 
and  the  "  hard-head,"  or  residue  which  remains  on  the  hearth, 
which  contain  large  quantities  of  tin,  arc  afterwards 
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■worked  up.     In  order  to  prepare  ffraintin  the  block  tin  i: 
heated  until  the  metal  becomes  brittle  and  crystalline ;  it  ii 
then  broken  up  by  a  Iiammer,  or  allowed  to  fall  from  a  con- 
siderable height. 

Of  the  various  sorts  of  commercial  tin  that  from  Banca  is  the 
purest.  It  contains  only  traces  of  copper,  lead,  and  iron ;  and 
lor  this  reason  it  is  usually  employed  by  chemists  and  manu- 
facturers as  the  source  of  the  tin  salts,  Next  in  order  of  purity 
comes  English  tin.  The  impurities  contained  in  the  common 
commercial  varieties  of  tin  are  arsenic,  antimony,  bismuth,  zinc, 
lead,  copper,  iron,  and  less  frequently  molybdenum,  tungsten, 
and  manganese. 

482  Projierties  and  uses  of  Tin.  Tin  is  a  white,  brightly  lustrous 
metal,  which  melts  at  235°,  volatilizes  at  a  white  heat,  and.  accord- 
ing to  the  experiments  of  Matthiessen,  has  a  specific  gravity  at 
13' of  7293.  It  is  harder  than  lead,  but  softer  than  gold.  It  ex- 
hibits a  fibrous  fracture,  and  when  bent  emits  a  peculiar  crackling 
sound,  caused  by  the  friction  of  the  crystalliue  particles.  Tin  can 
be  easily  rolled  or  lumimered  out  to  thin  foil,  and  at  a  temperature 
of  100^  it  may  be  drawn  into  wire,  which,  however,  possesses  but 
slight  tenacity  ;  but  at  200°  it  becomes  so  brittle  that  it  may  lie 
powdered.  A  sample  of  Banca  tin  which  was  exposed  at  St. 
Petersburg  to  a  very  low  temjicrature  during  the  winter,  fell  to 
granular  crystalline  pieces,  or  to  a  coarse  jiowder.  This  alteration 
of  structure  may  be  artificially  produced  by  lowering  the  tem- 
perature of  the  niotal  to  the  fruczing  point  of  mercury.*  If  zinc 
be  brought  into  a  solution  of  tin  chloride  the  metal  separates  out 
in  the  form  of  fine  crystalline  dendrites,  and  this  deposit,  known 
as  the  tin-tree  (Arbor  Jovi.s),  was  first  prepared  by  Ilsemann 
in  1786.  Wheti  tin  is  melted  and  then  allowed  partially  to 
solidify,  the  liquid  portion  being  poured  off,  needle-shaped  pris- 
matic or  tabular  crj'stals  of  the  metal  remain  behind.  Another 
mode  of  obtaining  crystalline  tin  is  to  decompose  tin  chloride 
by  a  weak  galvanic  current  when  the  metal  is  deposited  in 
quadratic  pri.sms  and  pyramids.  Fine  cr}'stals  of  tin  can  also 
be  obtained  when  wat<3r  containing  zinc  dust  in  suspension  is 
gradually  added  to  a  solution  of  tin  chloride. 

Tin  is  used  for  a  large  number  of  purposes,  for  the  prepara- 
tion of  vessels  for  household  and  technical  use,  for  the  manufac- 
ture of  tin-foil,  for  tinning  copper  and  iron,  and  especially 
for  preparing  the  alloys  of  tin.     Tinned  copper  vessels  were 

'  Fritzsche,  Bcr.  Drulsck.  Chan,  Gcs.  ii.  U2,  540. 
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employed  by  the  ancients,  for  we  find  them  described  by  Pliny; 
and  the  same  author  also  mentions  as  a  well-known  fact,  that  in 
the  process  of  tinning,  the  weight  of  copper  articles  increases 
but  slightly,  and  he  adds  that  the  substance  termed  stannum 
was  employed  for  this  purpose. 

•  Copper-  and  brass-ware  cau  readily  be  tinned  by  dipping  the 
Tessel  into  the  molten  metal  In  order  to  cover  the  interior  of 
a  vessel  with  a  coating  of  tin,  it  is  heated  and  some  molten  tin 
poured  in,  which  is  then  well  divided  over  the  surface  by 
rubbing  with  rags.     lu  order  to  prevent  tlie  oxidation  of  the 

P metal  a  small  quantity  (.if  resin  or  sal-ammoniac  is  added. 
Agricola  was  the  first  to  mention  the  process  of  tinning  iron. 
It  appears,  however,  that  at  that  time  it  was  only  slightly 
employed.  Tiie  process  is  usually  supposed  to  have  been 
discovered  in  Boliemia  in  1020,  coming  into  use  in  England  and 
France  about  100  years  later.  For  tlie  purfiose  of  preparing 
the  common  tin  plate  the  iron  plate  is  dipped  into  hydrochloric 
acid  or  dilute  sulphuric  acid,  tlicn  rubbed  over  with  sand  and 
water,  and  lastly  dipped  into  a  bath  of  iiot  fat,  in  order  to  dry 

^■Rnd  warm  it  From  this  it  is  brought  into  a  vessel  filled 
with  melted  tin  covered  with  a  film  of  oil,  an  alloy  of  tin  and 
iron  being  thus  formed.  This  is  covered  with  a  film  of  pure 
tin  by  dipping  it  into  a  second  bath  of  the  metal,  and  the  sheets 

^^are  lastly  dipped  into  heated  tallow  in  order  to  remove  the 

^Kexcess  of  tin. 
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483  Several  of  the.se  alloys  are  largely  employed  in  the  arts. 

Tin  and  lead  may  be  mixed  in  any  proportion,  and  the  alloy, 

rmed  pewter,  is  harder  and  touglier,  but  more  readily  fusible 

ban  either  of  the  two  metals.    For  this  reason  it  Ls  employed 

s  a  solder.    The  following  table  gives  the  composition  of  some 

of  the  different  lead  and  tin  alloys : 


Tin    , 
Lead. 


Common  I'liwUr. 

.      .     4 
1 


Solder. 


Fine. 
2 
1 


Cbminoii. 

1 
1 


Coarse. 
1 

2 


though  the  alloys  of  tin  and  copper  possess  a  great  com- 
mercial importance,  these  metals  do  not  readily  unite  with  one 
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another,  and  the  compound  produced  is  not  a  stable  one; 
hence  the  mass  seldom  remains  perfectly  homogeneous,  though 
more  so  than  the  silver  copper  alloys.  The  effect  of  heat  on 
tlie  copper-tin  alloys  is  remarkable,  for  whUat  steel  becomes 
harder  by  tempering,  these  lose  their  brittleness,  and  become 
malleable  if  they  are  heated  and  then  plunged  into  cold  water. 
The  most  important  of  these  alloys  are : — 

Giui-tnetal  usually  contains  nine  parts  of  copper  to  one  of  tin, 
and  has  a  yeUow  colour.  This  alloy  also  serves  for  the 
preparation  of  bronze  medals. 

Sjxcidum-metal  is  composed  of  one  part  of  tin  to  two  parts 
of  copper,  melted  together,  -with,  frequently,  addition  of  a  small 
quantity  of  arsenic.  It  possesses  a  steel-grey  colour,  is  very 
brittle,  and  takes  a  very  high  polish. 

Bdl-metal  possesses  a  varying  composition.  It  generally 
consists  of  from  4  to  5  parts  of  copper  to  1  of  tin.  It  has  a 
yellowish-grey  colour,  and  readily  melts  to  form  a  thin  liquid. 
It  has  a  finely  granular  structure,  is  hard,  brittle,  and  very 
sonorous.  The  Chinese  gongs  and  tom-t-oms  are  cast  at  a  very 
high  temperature,  and  then  quickly  brought  under  the  hammer, 
in  consequence  of  which  treatment  the  alloy  becomes  very  dense. 

Brotize.  True  bronze  consists  of  copper,  tin,  and  sometimes  a 
small  quantity  of  lead.  The  other  metals  which  are  found  are 
impurities,  but  modern  bronze  always  contains  zinc.  Tlie  colour 
of  bronze  is  a  more  or  less  reddish-yeUow.  It  is  hard  and  tough, 
and  may  be  filed  and  worked  in  the  lathe,  whilst  in  its  molten 
state  it  forms  a  mobile  liquid. 

The  table  on  the  next  page  gives  the  composition  of  some  of 
the  above  described  alloys. 

Phoqihor-hronzc.  The  addition  of  phosphorus  to  bronze 
imparts  to  it  a  character  of  greater  hardness,  elasticity,  and  tough- 
ness. This  material  is  obtained  by  melting  copper  with  tin- 
phosphide  with  sometimes  a  small  addition  of  lead.  It  contains 
from  0'25  to  2'5  per  cent,  of  phosphorus,  and  from  5  to  1.5  per 
cent,  of  tin,  and  is  largely  used,  especially  that  containing  from 
7  to  8  per  cent,  of  tin  for  portions  of  macliinery  for  which 
hardness  and  toughness  are  important  properties.  The  alloy 
containing  more  tin  has  been  employed  for  bell-metal.  Its 
valuable  properties  are  connected  with  the  fact  that  copper 
forms  a  homogeneous  alloy,  with  tin  phosphide,  the  presence 
of  phosphorus  preventing  the  o.'cides  from  dissolving  and  thus 
impairing  the  qualities  of  the  metal 
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484  Tin  Amalgam.    Tin  readily  combines  vith  merenry  with 
diminution  of  temperature.    The  amalgam  may  \>e  formed  more 
quickly  when  mercury  is  poured  into  molten  tin,  and,  according 
to  the  quantity  of  the  mercury  added,  the  amalgam  is  either 
liquid,  or  forms  a  granular  or  crystalline  mass.  'WTien  mercury  i3 
made  the  negative  pole  in  a  solution  of  tin  dichloride,  fine  crystals 
of  the  amalgam  are  obtained  containing  from  44  to  51  per  cent, 
of  tin  (Joule).  Tin  amalgam  is  largely  used  for  silvering  mirrots. 
For  this  purpose  tin-foil,  which  usually  contains  from  1  to  2  pet 
cent  of  copper  and  a  small  quantity  of  Lead,  is  spread  out  on  & 
perfectly  even  horizontal  slate  table.     This  is  then  covered  with 
a  film  of  mercuiy  &om  about  2  to  3  mm.  in  thickness,  and  the 
carefully  cleaned  sheet  of  plat«  glass  floated  on  to  its  surface,  the 
excess  of  mercury  being  pushed  forward  and  thus  the  formation 
of  bubbles  of  air  guarded  against     The  glass  is  then  gradually 
weighted  evenly  throughout  its  surface  in  order  to  remove  the 
excess  of  mercur}'.    After  the  lapse  of  some  timo  the  weights  are 
removed   and  tlie  plate  gradually  inclined  in  order  that  the 
excess  of  liquid  amalgam  may  flow  away. 

It  is  not  certain  when  this  process  for  manufacturing  mirrors 
was  first  employed,  inasmuch  as,  during  the  middle  ages,  the 
processes  used  in  the  preparation  of  mirrors  were  kept  secret 
It  is,  however,  clear  that  before  amalgam  was  used,  a  surface  of 
metallic  lead  was  employed  for  obtaining  a  mirror  as  early  as 
the  thirteenth  century,  when  such  mirrors  were  common.  These 
were  curved,  and  were  prepared,  as  Beckmann  describes  in  his 
Hidory  of  Inventions,  from  large  glass  globes,  into  the  interior 
of  which  a  mixture  of  resin,  molten  lead,  and  sulphide  of 
antimony  was  introduced,  the  fluid  mass  being  brought  over 
the  surface  until  it  was  all  covered  with  a  thin  film.  The  globe 
was  then  cut  into  pieces,  and  the  mirrors  thus  obtained  were 
often  employed  as  ornaments.  A  gmld  of  glass -mirror  makers 
existed  at  Niimberg  in  the  year  1373  ;  whether  they  matle 
mirrors  according  to  the  above  process  is  doubtful,  but  these, 
as  well  as  French  workmen,  sold  products  of  their  art  in  the 
Venetian  market  up  to  the  year  1500.  The  use  of  amalgam 
for  coating  mirrors  is  first  mentioned  by  Kunkel,  who  recom- 
mends for  the  purpose  an  amalgam  of  2  parts  of  quicksUver 
1  of  marcasite  (bismuth),  \  part  of  tin,  and  5  part  of  lead. 


I 

I 


I 


TIN  AND  OXYGEN. 

485  The  fact  that  tin  reudily  forms  a  calx  was  ohserved  at  an 
early  period  Pelletier  was  the  first,  in  the  year  1792,  to  show  that 
tin  combines  in  two  proportions  with  oxygen,  forming  two  series 
of  salts.  This  investigation  was  continued  by  Pronst,  but  for  a 
long  time  considerable  doubt  existed  as  to  the  number  of  the 
oxidation  products  of  the  metal.  Berzelius  in  1S12  assumed 
that  there  were  three  oxides,  SnO,  Sn^Oj,  and  SnO^,  on  the 
grounds  that  when  the  metal  is  oxidized  by  nitric  acid  the  highest 
oxide  thus  prepared  possesses  a  totally  different  chemical  character 
from  that  which  is  obtained  by  precipitation  with  alkalis  from  a 
solution  of  the  salts  of  tin.  The  subsequent  investigations  of 
Davy,  Gay-Lussac,  and  Berzelius  biniself,  proved  tliat  only  the 
firat  and  last  of  these  oxides  exist. 

Tin  monoxide  or  stannous  oxide  is  a  base ;  the  dioxide  or 
stannic  oxide  acts  both  as  a  basic  and  as  an  acid-forming  oxide. 
Their  compounds  are  distinguished  as  the  stannous  and  stannic 

H486  Tin  Monoxide  or  Stannous  Oxide,  SnO.  This  oxide  may 
Wk  prepared  in  a  variety  of  ways.  In  the  first  place  it  is  obtained 
as  an  olive-coloured  powder  when  stannous  oxalate  is  ignited 
out  of  contact  witli  air.  Secondly  it  may  be  prepared  by  adding 
a  solution  of  potassium  carbonate  to  one  of  tin  dicldoride,  when 
a  -white  precipitate,  having  the  composition  Sn203H2  =  2SnO + 
HjO,  is  thrown  down.     This  readily  absorbs  oxygen  from  the  air, 

febat  if  it  be  washed  in  absence  of  air  and  dried  in  a  stream  of 
bon  dioxide,  the  monoxide  remains  behind  as  a  black  powder, 
nnous  oxide  is  also  obtained  when  the  pure  dichloride  is 
mixed  with  cr)-stalline  carbonate  of  soda,  the  mass  heated  until 
it  has  become  black,  and  then  lixiviated.  If  the  hydrated 
oxide  be  boiled  with  caustic  soda  the  anhydrous  oxide  is 
obtained  as  a  crystalline  powder  consisting  of  cubes  modified 
with  the  faces  of  the  dodecahedron.  It  may  also  be  obtained 
in  the  crj'stalline  state  by  digesting  a  nearly  saturated  solution 
^  the  hydrated  oxide  in  acetic  acid  at  a  temperature  of  56\ 
96 
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Stannous  oxide  readily  takes  fire  when  heated  in  the  ur, 
and  turns  black  on  exposure  to  sun-light  The  stanuoua  salts 
are  obtained  by  dissolving  tin  in  acids.  They  possess  an  un- 
pleasant metallic  taste,  redden  litmus,  and  readily  absorb  oxygen, 
and  hence  sene  as  powerful  reducing  agents. 

Tin  Diililoridc  or  Stannous  Chloride,  SnClj,  is  obtained  on  the 
large  scale  by  dissolving  tin  in  hydrochloric  acid.  On  evapoi- 
ating  the  solution  and  cooling,  cr)stals  of  hydrated  stannons 
chloride,  SnCl^  +  SHjO,  known  in  commerce  as  Tin  S<tU,  separate 
out  in  transparent  monoclinic  prisms  which  melt  in  their  water 
of  crystallization  at  40°,  and  on  cooling  again  yield  a  crystalline 
mass.  They  have  a  specific  gravity  of  2~1,  and  dissolve  at  the 
ordinary  temperature  in  037  parts  of  water.  "When  more 
strongly  heated  they  partially  decompose  with  evolution  of 
hydrochloric  acid,  but  when  dried  in  vacuum  oversuljihuric  acid 
they  lose  their  water.  The  anhydrous  salt,  which  may  also  be 
obtained  by  heating  tin  in  hydrochloric  acid  gas,  or  together 
with  corrosive  sublimate,  is  a  transparent  mass  having  a  fatty 
lustre  and  conchoidal  fracture.  It  fuses  at  2.50°  to  form  an  ofly 
liquid  which  boils  a  little  below  a  red-heat  with  partial  decom- 
position. The  hydrated  salt  dissolves  in  a  small  quantity  of 
water  with  diminution  of  temperature  forming  a  clear  liquid 
wliich  wlien  diluted  with  much  water  becomes  turbid,  a  basic 
chloride,  2Sn(0H)Cl  +  IIjO,  being  precipitated,  and  this  again 
dissolves  on  the  addition  of  acids.  The  same  precipitate  is 
formed  when  the  clear  solution  is  exposed  to  the  action  of  the 
air: 


3SnClj-|-HjO-fO^ 


SnCl,  +  2Sn(0H)Cl. 


'Stannous  chloride  also  dissolves  in  alcohol  and  forms  easily 
soluble  double  salts  with  the  chlorides  of  the  alkali-metals. 

Tin  Dihromidc  or  Stannous  Bromide,  SnBr,,  is  obtained  when 
tin  is  heated  in  hydrobromic  acid  gas  or  distilled  with  mercuric 
bromide.  It  forms  a  graj-ish-white  easily  fusible  crystalline 
mass  soluble  in  water.  A  solution  of  this  compound  is  obtained 
by  acting  with  hot  aqueous  hydrobromic  acid  upon  metallic  tin. 

Tin  Di-iodidc  or  StannoKS  Iodide,  Snl,,  is  best  obtained  by 
adding  a  small  excess  of  iodide  of  potassium  to  a  warm  concen- 
trated solution  of  stannous  cldoride.  It  crj'stallizes  in  yellowish- 
red  needles  which  dissolve  only  sliglitly  in  water,  though  readily 
in  warm  solutions  of  the  chlorides  and  iodides  of  the  alkali-metals, 
and  also  in  dilute  hvdrochloric  acid.      It  melta  under  a  red- 
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heat  solidifying  to  a  crystalline  mass  which  liquefies  at  a  higher 
temperature.  When  heated  in  absence  of  air  it  is  obtained  in 
the  form  of  a  red  crystalline  mass  yielding  a  scarlet  powder. 

Tin  Dijluoridc  or  Stannmis  Fluoride,  SnF^,  i.s  obtained  by 
dissolving  the  hydrated  mono.xide  in  hydrotlubric  acid.  On 
evaporation  in  absence  of  air  this  compound  is  obtained  in  the 
form  of  small  white  monoclinic  tables. 

The  bromide,  iodide,  and  fluoride  combine,  like  the  cldoride, 
■with  the  corresponding  lialoid  compounds  of  the  alkali-metals 
and  with  those  of  the  metals  of  the  idkaliue  earths  to  form 
crystalline  double  salts. 

Stannous  SulpJuite,  SnSO^,  is  formed  by  dissolving  the  metal 
or  the  hydrat«d  oxide  in  dilute  sidphuric  acid.  On  evaporation 
in  a  vacuum  microscopic  granular  crystals  are  obtained  which 
are  only  a  little  more  soluble  in  hot  than  in  cold  water,  The 
solution  readily  deposits  a  basic  salt. 

Stannous  Nitrate,  Sn(NOg)j.  This  salt  is  only  known  in 
solution,  obtained  by  the  action  of  very  dilute  nitric  acid  on 
the  hydroxide  or  on  the  metal,  iu  the  latter  case  ammonium 
nitrate  being  simidtaneously  produced : 

■  4Sn  +  1 OHNO3  =  4  SnCNOa),  +  NH.NOg  +  3HjO. 

The  yellow  solution  quickly  becomes  turbid  on  exposure  to  the 

H     487   Tin  Dioxide  or  Stannic  Oxide,  SnO.,,  occurs  in  nature  as 

H  tinstone  or  cassiterite  crystallizing  in  the  quadratic  system  (Fig. 

f  163)  and  posses-sing  an  adamantine  lustre.     The  crystals  are 

seldom  colourless,  being  generally  tinted  of  a  brown   or  black 

_  colour  from  the  presence  of  the  oxides  of  manganese  and  iron. 

^^  Stream-tin  is  found  in  water-worn  nodules,  and   Wood-tin  in 

renifbrm  fibrous  masses.      When  tin  is  heated  nearly  to  its 

boiling-point  in  the  air,  it  burns  with  a  luminous  white  flame, 

and  the  dioxide  which  is  thus  formed  in  a  state  of  fme  division 

was  formerly  known  as  flores  jovis.     If  fused  in  the  presence 

of  air,  the  surface  of  the  metal  soon  becomes  covered  with  a 

I  gray  pellicle,  which  then  passes  into  a  gray  powder  known  as 

stanni,  and  this  consi.sts  of  a  mixture  of  finely-divided 

al  with  the  oxide  which,  on  continuous  ignition,  is  wholly 
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converted  into  stannic  oxide.      The  dioxide  is   also   obtained 
on  treating  tin  with  nitric  acid,  when  a  violent  oxidation  occurs. 
The  hydrated  white  powder  thus  obtained  yields  the  dioxide  oa 
washing  and   ignition.     If  a  solution  of 
stannic  oxide  be  precipitated  with  am- 
monia a  gehitiuous    precipitate    is   also 
obtained,  which  can  be  completely  washed 
only  with  dilliculty.      If,  however,  it  be 
heated    with  a  concentrated   solution  o( 
Glauber  salt,  a  dense  precipitate  is  thrown 
down,  and  this  can  be  easily  washed  and 
yields  the  pure  dioxide  on  ignition.    An 
amorphous  white  or  straw-yellow  coloured 
powder  is  then  obtained  which  is  quite 
insoluble  in  water  and  possesses  a  specific 
On  heating  it  changes  colour,  becoming  lemon- 
brown,  but  it  assumes  its  original  tint  on 


Fio.  163. 


gravity  of  6-71 
yellow  and   then 
cooling. 

By  heating  amorphous  stannic  oxide  in  a  current  of  hydro- 
chloric acid  gas  it  may  be  obtained  in  microscopic  crj'stals  which 
have  the  form  of  cassiterite  and  a  specific  gravity  of  672 
(DeviUe).'  The  formation  of  crystallized  stannic  oxide  has  been 
observed  in  fusing  the  dross  collected  on  the  hearth  of  a  gun- 
metal  furnace.  The  crystals  were  hard,  brittle,  four-sided  prisms.' 
Stannic  oxide  can  only  be  fused  at  a  very  high  temperature.  It 
is  not  volatile,  nor  is  it  attacked  by  concentrated  acids,  with 
the  exception  of  sulphuric  acid,  with  wliich  it  forms  a  syrupy 
liquid,  the  dioxide  being  again  deposited  on  dilution  with  water. 

Stannic  Hydrazidts.  Two  of  these  compounds  are  known, 
and  these  are  distinguished,  not  by  a  difference  in  the  proportion 
between  anhydrous  oxide  and  water,  but  by  a  variation  in  their 
physical  properties.  They  both  form  salts  with  the  alkalis, 
distinguished  as  sianncUcs  and  mdastannates, 

488  Stannic  Acid  and  the  Stannates.  Stannic  acid  is  obtained 
as  a  white  hydrated  precipitate  when  calcium  carbonate,  not  in 
excess,  is  added  to  a  solution  of  stannic  chloride,  or  when  a 
stannate  is  carefully  precipitated  with  an  acid.  The  well-washed 
compound  is  slightly  soluble  in  water  and  reddens  blue  litmus, 
Dried  over  sulphuric  acid  or  in  a  vacuum,  a  compound  is 
obtained  which  has  the  composition  HjSnOg.  This,  on  heating, 
gradually  loses  water,  stannic  oxide  remaining  behind.  If 
>  CompUs  Eendus,  liii.  101.  '  Abel,  Chtm.  &ie.Joum.  x.  119. 
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imonia  be  added  to  tin  tetracbloride,  SnCl^,  a  gelatinous  pre- 
cipitate is  obtained,  which,  when  allowed  to  dry  spontaneously, 
forms  a  glassy  mass  of  stannic  acid.  Stannic  acid  dissolves 
readily  iu  hydrochloric,  nitric,  and  sulphuric  acids,  as  well  as 
in  alkalis. 

■  Soluble  Stannic  Acid  was  obtained  by  Graham'  by  the  dialysis 
W  a  mixture  of  tin  tetrachloride  and  alkali  or  of  sodium  stan- 
nate  and  hydrochloric  acid,  the  gelatiuoi\3  mass  which  is  first 
formed  gradually  dissolving.  The  liquid  is  converte<l  on  heating 
into  soluble  metastannic  acid.  Traces  of  hydrochloric  acid  or 
of  a  salt  bring  about  gelatiaization  in  both  solutions. 

■  The  stannates  of  the  alkali-metals  are  the  only  ones  which 
We  soluble  in  water.  The  other  stannates  are  obtained  as 
insoluble  precipitates  by  double  decomposition. 

tPotas&iuvi  Stannatc,  K^SnOs,  is  obtained  by  fusing  the  dioxid 
th  potash  or  by  dissolving  the  bydrated  oxide  in  potash-ley. 
The  solution  yields  on  evaporation  over  sulphuric  acid  colourless 
glistening  monoclinic  prisms  of  K„Sn03-(-3HjO  (Marignac), 
which  have  an  alkaline  taste  and  are  readily  soluble  in  water. 
Metallic  copper  brought  into  contact  with  the  solution  becomes 
covered  with  a  bright  coating  of  metah 

Sodiuvi  Slannnte,  NajSnOj,  is  prepared  on  a  large  scale  aiid 
employed  extensively  in  calico-printing  under  the  name  of 
preparing  salts.  It  is  obtained  either  by  fusing  the  finely- 
powdered  or  levigated  tin-stoiie  with  caustic  soda,  dissolving 
the  ma-ss  in  water  to  remove  any  ore  that  may  be  unacted  upon, 
and  evaporating  the  solution ;  or  by  heating  tin  with  caustic 
soda  and  Chili  saltpetre.  On  evaporating  the  solution  hexa- 
gonal crystals  of  NajSnOj  +  SH^O  are  obtained,  which  are 
more  soluble  in  cold  than  in  hot  water.  A  tolerably  concen- 
trated solution  of  the  Sidt  which  contains  no  caustic  soda 
deposits  on  cooling  fine  prisms  of  the  composition  NaS^nOj-f- 
lOHjO,  and  these  effloresce  on  expo.sure  to  air. 

489  Metastannic  Acid  and  the  Mdastannatcs.  In  his  Eeficctions 
on  the  Hypothesis  of  Alkali  and  Acidiim,*  published  in  1670, 
Boyle  remarks  that  aqua-fortis  eats  up  or  destroys  more  tin 
than  it  dissolves.  On  the  otlier  hand,  he  elsewhere'  men- 
tions that  a  solution  of  tin  in  aqua-fortis  readily  becomes 
gelatinous.      Kunkel,   who    also   studied   the  action   of  nitric 

id  on   tin,   mentions    in   his    Lahoratorium   Chymlcum  that 


'  Phil.  Trans.  1661.  213.  •  Royk',  Op.  ir.  284. 

*  "  KxperimcnU  uid  Coiuidenitions  Conceniing  Colours." 
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tin  can  only  be  dissolved  when  it  is  added  in  small  quan- 
tities to  an  acid,  and  that  Leat  must  be  altogether  avoided, 
because  white  calx  of  tin  is  thrown  down  when  the  acid  is  hot 
The  explanation  of  these  different  statements  is  to  be  found 
in  the  facts  that  when  the  metal  is  treated  with  weak  nitric 
acid  it  forms  either  stannous  or  stannic  nitrate  according  to  the 
de^'ree  of  concentration  of  the  acid;  and  that  the  latter  salt 
easily  decomposes  ^iv-ith  separation  of  a  gelatinous  stannic  acid, 
whilst,  on  the  other  hand,  when  tin  is  acted  upon  by  strong  nitric 
acid  it  is  violently  attacked  with  evolution  of  heat  and  forma- 
tion of  an  insoluble  white  powder  consisting  of  metastanuic  acid. 

Metastannic  acid  reddens  litmus,  and  when  dried  in  the 
air  contains  about  20  per  cent,  of  water,  which  it  gradually 
loses  when  heated  or  when  dried  in  a  vacuum,  during 
which  process,  however,  no  definite  hydrate  appears  to  be 
formed.  According  to  R.  Weber,'  however,  this  compound 
when  dried  over  sulphuric  acid  possesses  the  formula  HjSnOj. 
I]ut  as  the  salts  of  metastannic  acid  all  exhibit  a  complicated 
composition  the  formula  of  the  acid  is  frequently  represented  by 
the  formida  Hj^S^Ojj  =  SH^SnO.,.  Weber,  on  the  other  hand, 
considers  both  stannic  and  metastannic  acid  to  possess  the 
same  composition.  Metastannic  acid  is  distinguished  from 
ordinary  staimic  acid,  inasmuch  as  it  is  altogether  insoluble  in 
nitric  acid,  and  swells  up  but  does  not  dissolve  in  strong 
sulphuric  acid,  forming  a  compound  with  it  which  is  decom- 
posed by  water.  When  warmed  with  concentrated  hydrochloric 
acid  it  combines  with  it  to  form  hydrochlorate  of  metastannic 
acid,  which  is  insoluble  in  hydrochloric  acid  but  solublein  water, 
and  which  on  boiling  gelatinizes  even  in  very  dilute  solution. 

The  salts  of  metastannic  acid  are  formed  by  the  action  of  the 
alkalis  on  metastannic  acid  or  on  its  compound  with  hydrochloric 
acid.  They  all  possess  a  very  complicated  composition  and 
crj'stallize  with  difficulty.  The  sodium  salt  has  been  most 
exactly  examined. 

Smlium  Mdastanimle,  Na^SiijOi,  +  4H,0,  or  HgXajSnjO,,. 
Tliis  is  a  slightly  soluble  granular  crj'stalline  powder  obtained 
by  the  action  of  cold  caustic  soda-ley  on  metastannic  acid.  If 
a  hydrochloric  acid  solution  of  metastannic  acid  be  precipitated 
with  caustic  soda  hard  gum-like  masses  of  a  compound 
NajSngOjg  -f-  8HjO  are  obtained.  The  existence  of  this  last 
salt,  and  of  several  others  having  a  still  more  complicated 
'  Pwjg.  Ann.  cxxiL  358. 
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composition,  readera  it  improbable  that  the  true  composition 
of  the  free  acid  is  represented  by  the  fonnula  Hj^SngOij. 
The  metastanuates  iti  all  jirobability  possess  a  constitution 
similar  to  that  of  the  more  complicated  silicates. 


490  Tin  Tetrachloride  or  Sinnnic  Chloruie,  SnCl^  was  first 
mentioned  by  Dbavius  in  1605,  who  obtained  it  by  distilling 
tin  or  its  amalgam  with  corrosive  sublimate.  It  was  termed 
by  him  Spiritris  argenii  vivi  subliviali,  but  afterwards  it  re- 
ceived the  name  Siririlus  fumans  Liharii.  For  its  preparation 
the  process  originally  proposed  by  Libavius  may  be  employed, 
or  chlorine  may  be  passed  over  tinfoil  or  fused  tin  placed  in 
a  retort.  When  the  stream  of  chlorine  is  quick,  and  especially 
if  the  gas-delivery  tube  dip  into  the  molten  metal,  an  evolution 
of  light  and  heat  is  observed. 

Tin  tetrachloride  is  a  colourless,  thin,  fuming  liquid,  which 
does  not  solidify  at  —  29°,  has  a  specific  gravity  of  2*234  at  15°, 
and  boils  at  120°,  forming  a  colourless  vapour  having  a  specific 
gravity  of  9'1997  (Dumas).  At  the  boiling-point  it  dissolves 
rhombic  sulphur,  colourless  phosphorus,  and  iodine,  and  can  be 
mixed  in  all  proportions  with  bromine  and  carbon  disulphide. 
"When  mixed  with  turpentine  so  much  heat  is  evolved  that  the 
hydrocarbon  takes  fire.  Its  property  of  fuming  in  the  aii-  de- 
pends on  tlie  fact  that  it  absorbs  atmospheric  moisture.  In  1770 
Demachy  observed  that  it  solidifies  when  brought  into  contact 
with  one-third  of  its  weight  of  water  to  form  a  crystalline  mass, 
termed  butter  of  tin.  Several  distinct  hydrates  soluble  in  water 
may  be  produced,  according  to  the  quantity  of  water  which  is 
added.  Tlius  the  compound  SnCI^  +  SHjO  is  formed  by  ex- 
posing the  anhydrous  chloride  to  the  action  of  moist  air,  or  by 
the  evaporation  of  its  aqueous  solution.  This  hydrate  crystal- 
lizes in  monoclinic  needles  which  melt  at  80°,  and  on  cooling 
again  solidify  to  a  crystalline  mass.  A  second  hydrate,  having 
the  composition  SnCl^  +  5HjO  is  obtained  by  tlie  addition  of  a 
sufficient  quantity  of  water  to  the  anhydrous  chloride  or  by  the 
gentle  evaporation  of  the  aqueous  solution.  It  is  deposited  in 
opaque,  acute,  monoclinic  prisms,  which  melt  at  a  low  tem- 
perature and  again  solidify  to  a  ciystalline  mass.  Lastly,  large 
transparent  monoclinic  crj'stals  of  the  hydrate  SnCI^-l-SHjO 
deposit  in  the  cold  from  dilute  solutions.  On  boiling  a  dilute 
aqueous  solution  of  tin  tetrachloride,  stannic  hydroxide  is  formed, 
and  in  very  dilute  solutions  this  precipitate  forms  spontaneously 
on  slandin". 
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Tin  tetrachloride  is  employed  by  the  dyer  as  a  valuable  mor- 
dant. Drebbel  in  HoUaud  is  said  to  have  made  the  discovery 
that  by  help  of  this  salt  a  permanent  red  dye  can  be  obtained 
from  cochineal.  The  dyers  were  formerly  in  the  habit  of  pre- 
paring tlds  mordant,  known  by  the  old  names  of  tin-composition, 
pbysic,  or  dyer's  spirits,  by  dissolving  tin,  together  with  sal- 
atnmouiac  or  conmion  salt,  in  nitric  acid,  or  by  dissolving  Lin 
in  aqua  regis,  whence  the  solution  was  formerly  termed  nitro- 
rauriate  of  tin.  It  is  usual  now  for  the  dyers  to  employ  the 
crystalline  peutahydrate,  SnClj  +  bUfi,  which  is  a  commercial 
product  known  as  oxymuriatc  of  tin. 

Anhydrous  stannic  chloride  combines  with  ammonia  to  form 
a  solid  mass  having  the  composition  SnCl^(NHj)2  (Rose),  which 
can  be  sublimed  and  is  soluble  in  water  without  decomposition. 
It  can  be  obtained  in  crj'stals  by  evaporating  the  aqueous  solu- 
tion over  sulphuric  acid,  but  if  it  be  allowed  to  stand  for  some 
days,  or  if  the  liquid  be  warmed,  stannic  hydroxide  separates 
out  in  a  gelatinous  form.  Tin  tetrachloride  also  combines  with 
many  other  chlorides  to  form  crystalline  compounds,*  such  as 
SnCl^  +  2SC1^.  This  is  obtained  by  the  action  of  chlorine  on 
tin  disulphide,  and  forms  large  yellow  crystals,  which  melt  at  a 
summer  temperature,  liquefy  at  30°,  and  decompose  above  40°, 
with  evolution  of  chlorine.  If  dry  nitrous  fumes  be  led  into  a 
solution  of  staunic  chloride,  the  compound  SnCliJ-NjO,  is 
deposited  as  a  yellow  amorphous  mass,  and  if  this  be  sublimed, 
or  if  the  dry  vapours  from  aqua  regia  be  passed  into  the  chloride, 
the  compotuid  SnCI,  -1-  2X0C1  is  produced,  which  crystallizes  in 
bright  shining  octohedrons.  Stannic  chloride  also  combines 
with  phosphorus  pentachloride  to  form  the  compound  SnCl^  + 
rClj,  which  sublimes  in  glistening  colourless  crystals,  but  when 
kept  even  in  closed  vessels  it  falls  to  an  amorphous  powder.  It 
has  a  peculiar  extremely  pungent  smell,  and  fumes  strongly  in 
the  air.  The  compound  SnCl^  +  POClj  forms  crystals  which 
melt  at  58°  and  can  be  distilled  at  180°  without  decomposition. 
This  compound  fumes  strongly  in  the  air,  and  is  at  once  decom- 
posed in  contact  with  water.* 

Ammonium  Stannic  Chloride,  2NH4CI  +  SnCl^,  is  deposited, 
wlien  concentrated  solutions  of  the  two  salts  are  mixed,  in  the 
form  of  a  white  powder,  which  can  be  recrystaUized  from  dilute 
solution  in  small  regxilar  permanent  octohedrons.     It  dissolves 

'  H.  Ro«e.  7h>g(i.  j4nn.  xlii.  M7. 

'  C.isMclinann,  Ann.  Chem.  Phann.  Izxxiii,  257. 
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at  the  ordinary  temperature  in  three  parts  of  water.  Its  con- 
centrated solution  can  be  boiled  without  decomposition,  but  when 
diluted,  tin  hydroxide  separates  out.  It  was  formerly  much  used 
by  the  calico-printer  under  the  name  of  pink-salt,  from  its 
power  of  acting  as  a  mordant  for  madder-red  colours,  but  its 
use  has  been  almost  entirely  superseded  by  the  crystalline 
pentahydrated  stannic  chloride. 

The  other  chlorides  of  the  alkali-metals  likewise  form  crystal- 
line double  salts  with  tin  tetrachloride. 

4gi  Tin  Tdrabromidc,  or  Sianiiu^  Bromide,  SnBr^.  Tin  and 
bromine  unite  together  with  evolution  of  light  and  heat.  The 
suition  is  moderated  by  adding  the  metal  gradually  to  a  solution 
of  bromine  in  sulphide  of  carbon,  or  by  adding  bi-omine  drop  by 
drop  to  molten  tin,  when  it  burns  with  a  pale  violet  flame.  This 
compound  is  a  wliite  crystalline  mass,  which  fumes  strongly  on 
exposure  to  air  and  is  easily  soluble  in  water.  It  melts  at  30° 
and  boils  at  201°.  The  speciiic  gravity  of  the  liquid  is  3322 
at  39"  (Bodeker),  and  its  vapour  density  is  7-02.*  It  is  easily 
Boluble  in  cold  water,  forming  a  colourless  liquid  from  which 
the  hydroxide  is  deposited  slowly  on  standing  at  the  ortlinary 
temperature  and  quickly  on  boiling. 

Tin  Tdra-iodide,  Snl^.  When  tin  and  iodine  are  heated 
together  a  combination  commences  at  i50°,  and  at  a  higher  tem- 
perature heat  and  light  are  emitted.  In  order  to  prepare  this 
compound  tin  tilings  are  lirst  moistened  with  carbon  disulphide 
and  then  iodine  gradually  added.  It  crystallizes  in  red  octo- 
hedrons,  melting  at  140°  and  having  a  specific  gravity  of  4'G96. 
Tin  tetra-iodide  boils  at  about  300°,  but  sublimes  at  as  low  a 
temperature  as  180°  in  yellowish-red  needles,  veiy  similar  in 
lorm  to  those  of  sal-ammoninc.  It  is  soluble  in  carbon  disid- 
phide,  absolute  alcohol,  ether,  chloroform,  and  benzol,  and  i3 
decomposed  by  water  into  hydriodic  acid  and  stannic  oxide. 

493  Tin  Tetrafiuoride  is  not  known  in  the  free  state.  Hydro- 
fluoric acid  dissolves  stannic  hydroxide,  the  solution  coagulating, 
like  albumen,  on  boiling,  and  decomposing  on  evaporation  with 
evolution  of  hydrofluoric  acid.  It  forms  crystalline  double  salts, 
termed  stannolluorides,  with  many  other  fluorides,  and  these 
are  isomorj^ihous  with  the  corresponding  silicofluorides  and 
titanofluorides.* 

Polassimn   Stannojlmride,    K.SnFg  +  H^O    is    obtained   by 


1  dnielley  and  O'Shea,  Jaum.  Chem.  Soft  1878,  p.  65. 
*  Harigniic,  Ann,  ilin.  [5],  zv.  221. 
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neutralising  bydrofluoric  acid  with  potassium  stannate.  It 
crj'stallizes  in  tLin  mother-of-pearl  glistening  tablets,  or  in 
rhombic  pyramids,  which  are  much  more  soluble  in  hot  than  in 
cold  water.  When  the  solution  contains  an  excess  of  hydro- 
fluoric acid,  the  salt  KjSnFg  +  HKF^  is  deposited  in  thin  mono- 
clinic  prisms. 

Sodium  Stannofluoride,  NajSnFj,  forms  glistening  crystalline 
crusts. 

Ammonium  Stannofluoride,  ('NH^)jSnrg,  crystallizes  in  rliom- 
bohedrous,  which  are  seldom  perfect.  Fine  rhombic  prisms 
of  the  compound  (NHJ.^SnFg  -|-  2NHjF  are  deposited  from  a 
solution  containing  an  excess  of  ammonium  fluoride. 

The  stannofluorides  of  calcium  and  magnesium  are  also  crys- 
talline soluble  salts. 

The  other  stannic  salts  are  but  imperfectly  investigated. 
Stannic  sulphate  is  obtained  by  dissolving  the  hydroxide  in 
sulphuric  acid  or  by  heating  tin  together  with  sulphuric  acid, 
when  a  wliite  mass  remains  behind  on  evaporating  the  solution. 
Stannic  nitrate  is  obtained  by  dissolving  stannic  acid  in  nitric 
acid,  and  if  the  latter  be  not  too  dilute  the  nitrate  crystallizes 
in  sUky  tablets.  Its  solution  coagulates  when  heated  to  50°. 
Stannic  phosphite  is  obtained  by  the  action  of  phosphoric  acid 
on  the  hydroxide,  and  is  insoluble  in  water  and  in  nitric  acid. 
This  reaction  is  employeil  for  the  separation  of  phosphoric  acid 
from  other  botlies.  For  this  purpose  a  known  (piantity  of  tinfoil 
is  added  to  the  nitric  acid  solution  of  the  body  under  investi- 
gation, when  the  whole  of  the  phosphoric  acid  remains  behind 
with  the  metastaunic  acid. 


TIN  AND  SULPHUR. 

493  Tin  Monomdphide,  or  Stannous  Sulphide,  SnS,  is  obtained 
by  heating  together  the  metal  and  sulphur.  Thin  tinfoil  takes  file 
spontaneously  when  brouglit  into  sulphur  vapour.  "When  thus 
obtained  it  is  a  lead-gray  tougli  crj'stalhne  mas."!,  whicli  melts  at 
a  higlier  temperature  than  the  metal.  When  a  solution  of  tin 
dicbloride  is  saturated  wit!i  sulphuretted  hydrogen,  a  bro^vn 
hydrated  precipitate  is  obtained,  which  on  dr}'ing  becomes 
black.  This  is  scarcely  soluble  in  ammonium  siilphide,  but 
dissolves  on  the  addition  of  sul[>hur,  nnd  is  also  soluble  in  the 
polysulphides  of  the  alkali-metals.     YVhen  the  dried  precipitate 
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is  added  to  fused  stannous  chloride  and  the  melted  mass  treated 
on  cooling  with  dilute  hydrochloric  acid,  stannous  sulphide  is 
obtained  in  metallic  glistening  crystalline  scales,  having  a  specific 
gravity  of  4-973.    Amorphous  tin  sulphide  dissolves  readily  in  hot 
hydrochloric  acid ;  the  crystallized  substance  dissolves  less  readily. 
Tin  Bisulphide,  or  Stannic  Sulphide,  SnS,.     This  compound, 
crystallizing  in  six-sided  tablets  or  in  gold-coloured  translucent 
scales  having  a  specific  gravity  of  4425,  is  used  as  a  bronze- 
powder  for  the  purpose  of  bronzing  articles  of  gj'psum,  wood, 
&c.,  and  is  known  in  commerce  as  mosaic  gold.     The  discovery 
of  this  compound  is  usually  ascribed  to  Kunkel.     He  does 
indeed  speak  of  a  sublimation  of  sulphide  of  tin  and  sal- 
ammoniac,  but  expresses  himself  so  vaguely  that  it  is  impossible 
to  recognise  this  compound  from  his  description.    It  was  well 
known  in  the  eigliteenth  century  under  the  names  of  mosaic 
gold,  mtrum  mosai-cum,  or  rnusinnn..     It  was  then  prepared  as 
it  is  at  tlie  present  day  by  subliming  a  mixture  of  tin  amalgam, 
sulphur,  and  sal-ammoniac,  and  as  it  was  supposed  to  contain 
mercury  it  was  often  employed  as  a  mercurial  medicine.     Peter 
Woulfe  in  1771  showed  tliat  it  did  not  contain  mercury,  and 
described  other  methods  for  its  production  according  to  which  it 
is  still  prepared.    Thus,  for  instance,  it  is  obtained  in  the  form  of 
a  fine  pigment  by  heating  eighteen  parts  of  tin  amalgam  contain- 
ing  six  parts  of  mercury  with  six  parts  of  sal-ammoniac  and 
seven  parts  of  sulphur,  when  sal-ammoniac,  mercuric  chloride, 
and  stannous  chloride  subliiue  and  stannic  sulphide  remains  be- 
hind in  the  form  of  golden-yellow  scales.    It  is  likewise  prepared 
by  heating  tin  mouosulphide  with  eight  parts  of  corrosive  subli- 
mate, or  subliming  tin  filings  with  sal-ammoniac  and  sulphur,  and 
according  to  several  other  receipts  given  by  "Woulfe.*     Pelletier 
believed  mosaic  gold  to  be  a  compound  of  sulphur  with  the 
highest  oxidation  product  of  tin,  and  Proust,  who  found  that  it 
could  be  obtained  by  heating  stannous  cldoride  or  tin  mono.xide 
with  sulphur,  STipposed  it  to  be  a  compound  of  tin,  sul[)hur,  and 
a  small  quantity  of  oxygen.     Tlie  exact  composition  was  ascer- 
Uined  by  J.  Davy  and  Berzelius  in  the  year  1812.     The  forma- 
tion of  mosaic  gold  from  tin,  sulphur,  and  sal-ammoniac,  appears 
to  take  place  according  to  the  following  equations  (Gmelin) : 

(L)  Sn  -I-  4NH,C1  =  (NH,Cl)„SnCl,  -t-  H,4-  2NH, 

(IL)  2(NH,Cl)jSnCl2  -I-  S^  =  SnS,  +  2NH,C1  +  (NH.CO^SnCl,. 

»  Phil.  Trans.  1771,  p.  114. 
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When  heated,  a  portion  sublimos  without  decomposition,  but  the 
greater  part  is  resolved  into  sulphur  and  monosiilphide.  It  is 
not  attacked  by  hydrochloric  or  nitric  acid,  but  readily  dissolves  in 
aqua  regia ;  as  well  as  in  caustic  soda,  when  potassium  stannate 
and  potassium  thiostannate  are  formed.  If  sulphuretted  hydrogen 
be  led  into  a  solution  of  the  tetrachloride  a  yellow  precipitate 
is  obtained.  This  consists  of  a  lui.xture  of  tin  disulphide  and 
tin  dio.Kide,  and  is  readily  soluble  in  the  sulphides  of  the  alkali- 
metals,  when  the  thiostannaics  are  formed.  Of  these  the  sodium 
salt  has  been  obtained  in  the  crystalline  condition.'  It  is  pre- 
pared by  the  addition  of  tin  to  fused  sodium  pentasulphide,  when 
a  violent  reaction  takes  place.  The  mass  is  then  Ibciviated,  and 
on  evaporating  the  aqueous  solution  at  a  moderate  temperature 
the  compound  Xa^SnSj  +  2H„0  is  deposited  in  yellow  vitreous 
regular  octohedrons.  When  sodium  sulphide  is  fused  together 
with  tin  monosulphide  and  sulphur,  a  black  crystalline  mass  is 
obtained  yielding  a  dark-coloured  solution,  which  on  concentra- 
tion at  a  low  temperature  yields  colourless  crystals  resembling 
gypsum,  and  having  the  formula  Na^SnS^  +  12HjO. 

Utiostannic  Acid.  When  dilute  hydrochloric  acid  is  added 
to  a  solution  of  a  thiostannate,  a  yellow  precipitate  is  obtained, 
which  on  drying  forms  an  almost  black  powder  possessing  a 
brown  streak  and  wax-like  lustre,  and  having  the  composition 
HjSnSj.  When  heated  in  absence  of  air  it  yields  the  golden- 
yellow  disulphide. 

When  mosaic  gold  is  fused  with  iodine  in  absence  of  air,  a 
crystaUine  mass  of  SnSjI^  is  obtained,  and  this  can  be  sublimed 
in  a  current  of  carbon  dioxide  in  diirk-yellow  glistening  crystals, 
and  may  be  recrystallized  from  sulution  in  carbon  disulphide, 
when  large  crystals,  having  the  colour  of  potassium  dichromate, 
are  obtained.  It  is  decomposed  slowly  by  cold,  but  more  rapidly 
by  hot  water,  into  stannic  oxide,  sulphur,  and  hydriodic  acid. 
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494  Wlien  finely  divided  tin  is  heated  in  the  vapour  of  phos- 
phorus, a  silver-white  very  brittle  mass,  having  the  composition 
SnP,  is  obtained.  This  has  a  specific  gravity  of  6-56,  dissolves 
easily  in  hydrochloric  acid,  but  is  not  attacked  by  nitric  acid. 
When  phosphorus  is  thrown  on  to  the  surface  of  molten  tin, 

*  Kiihn,  Ann,  Chem.  Pharm.  IzxxiT.  110. 
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combination  also  takes  place.  The  compound  containing  the 
largest  quantity  of  phosphorus  which  can  thus  be  obtained  has 
a  silver-white  colour,  is  not  very  brittle,  and  may  be  cut  with  a 
knife;  it  appears  to  possess  the  composition  Sn^P,  (Pelletier). 
If  spongy  tin,  obtained  by  precipitating  a  tin  salt  ■with  zinc,  be 
brought  into  contact  with  such  a  quantity  of  pliosphorus  that 
one  atom  of  the  latter  be  present  to  nine  atoms  of  the  metal, 
a  phosphide  having  the  composition  Sn,P  is  obtained.  The 
same  compound  is  formed  wheuever  any  of  the  other  phosphides 
containing  more  pliosphorus  are  heated.  This  is  a  coarse  crys- 
talline niass,  which  has  the  appearance  of  cast-zinc.  It  melts 
at  370°,  and  is  used  for  the  preparation  of  phosphor-bronze. 


Detection  and  Estimation  of  Tin. 

495  ^Vlien  a  small  quantity  of  a  tin  compound  is  held  in  the 
reduction-flame  on  a  carbonized  match,  a  malleable  bead  of 
metal  is  obtained,  which  easily  dissolves  in  hot  hydrochloric 
acid.  This  solution  gives  with  mercuric  chloride  first  a  white 
and  afterwards  a  black  precipitate  : 

(I.)  SnClj  +  2HgCIj  =  SnCl,  +  Hg^Cly 
(II.)  SnCi,  +  Hg.,Clj  =  SnCl,  +  2Hg. 

If  one  of  the  metallic  globules  be  fused  in  a  borax  bead 
slightly  tinted  with  cupric  oxide  and  heated  in  the  reduction- 
flame,  the  bead  will  become  of  a  red  tint,  due  to  the  formation 
of  cuprous  oxide. 

Stannous  salts  jneld  a  brown  precipitate  of  stannous  sulphide 
with  sulphuretted  hydrogen,  wliich  does  not  dissolve  in  colour- 
less, but  is  soluble  in  yellow  sulphide  of  ammonium,  and  from 
tliis  solution  hj'drochloric  acid  precipitates  the  yellow  disul- 
phide.  Both  ammonia  and  caustic  soda  give  white  precipitates 
with  the  stannous  salts.  In  the  latter  case  the  precipitate  is 
soluble  in  an  excess  of  the  reagent. 

Stannic  salts  are  precipitated  yeUow  by  snlplmretted  hydro- 
gen. Stannic  sulphide  is  readily  soluble  iu  ammonium  sulphide. 
Alkalis  precipitate  a  white  hydroxide  which  dissolves  in  an 
excess  of  the  precipitant. 

Zinc  precipitates  metallic  tin  from  solutions  of  the  tin  salts 
in  the  form  of  glistening  scales  or  in  a  spongy  or  arborescent 
mass.  The  tin  salts  do  not  impart  to  the  non-luminous  gas- 
flame  any  colour,  but  the  spark-spectrum  of  the  chloride  exhibits 
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two  characteristic  lines,  having  wave-lengths  of  4526  and  5631 
(Lecoq  de  Boisbaudran).  These  same  lines  are  seen  together 
with  others  in  the  spark-spectrum  of  the  metal,  the  most 
brilliant  of  the  tin  lines  being  as  follows  (Thalen)  : 


6452 
5798 


5631 
5588 


5563 
4526 


lu  the  processes  of  qnalitative  analysis  tin  is  obtained  to- 
gether witli  those  metals  which  are  precipitated  by  sulphuretted 
hydrogen  in  an  acid  solution.  To  separate  tin  from  these  the 
well-washed  precipitate  is  treated  with  yellow  sulphide  of  am- 
monium, filtered,  and  the  filtrate  acidified  with  cold  dilute 
hydrochloric  acid.  The  precipitate  may  contain,  besides  tin 
sulpliide,  the  sulphides  of  arsenic  and  antimony.  After  it  has 
been  well  washed  with  water,  it  is  digested  with  solid  carbonate 
of  ammonium  to  dissolve  the  sulphide  of  arsenic.  The  residue 
is  then  heated  with  hydrochloric  aciil,  and  a  slip  of  platinum- 
fod,  upon  which  a  small  piece  of  zinc  rests,  is  brought  into  the 
solution.  The  tin  is  thus  deposited  upon  the  zinc  in  a  spongy 
mass.  This  is  then  dissolved  in  hydrochloric  acid,  and  the  usual 
tests  applied. 

Tin  is  determined  quantitativdy  as  the  o.xide.  If  the  metal 
or  one  of  its  alloys  be  under  examination,  it  is  oxidized  with 
pure,  tolerably  strong  nitric  acid,  and  the  well-washed  residue 
ignited.  From  solution  it  is  precipitated  with  ammonia  as  the 
hydroxide,  but  if  it  be  present  iu  the  form  of  stannous  salt  it 
must  be  first  oxidized  with  chlorine  or  liydrocldoric  acid  and 
potassium  chlorate.  The  precipitate  obtained  by  ammonia  is 
then  dissolved  in  the  smallest  quantity  of  hydrochloric  acid, 
and  heated  with  a  concentrated  solution  of  Glauber  salt,  when 
the  hydroxide  Ls  again  precipitated,  and  tins  is  not  gelatinous, 
and  may  therefore  be  easily  washed  {Liiwenthal). 

Wien  tin  sulphide  is  obtained  in  the  separation  of  tin  from 
the  other  metals,  it  can  be  gradually  converted  by  gentle  roasting 
and  subsequent  ignition  into  stannic  oxide. 

The  atomic  wciyht  of  tin  was  determined  by  Dumas  by  oxidiz- 
ing the  metal  with  nitric  acid,  his  experiments  giving  the  number 
117'71,^  wliilst  by  the  analysis  of  the  tetrachloride  he  obtained 
the  number  117'77.-  Ylaaudercn  ^  obtaineil  the  number  117"86 
by  the  reduction  of  the  oxide  by  means  of  hydrogen. 
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TITANIUM,  Ti  =  48. 


496  The  Eev.  William  Gregor '  iu  1789  discovered  a  new  metal 
contained  in  the  mineral  nieuachanite  or  ilinenite,  occurring  in 
Cornwall.  In  1795  Klaproth  investigated  the  composition  of 
the  mineral  rutile,  and  discovered  in  it  a  new  metal  to  which 
he  gave  the  name  of  titanium.  In  a  subsequent  investigation  of 
ilmenite  in  1797,  he  found  that  the  metal  which  that  mineral 
contained  was  titanium.  Klaproth  found  that  rutile  consists 
mainly  of  titanium  dioxide,  but  he  did  not  succeed  in  obtaining 
the  oxide  in  the  pure  state,  this  having  been  first  accomplished 
in  1821  by  Rose. 

Titanium  is  a  rare  metal,  and  is  not  found  in  the  metallic 
state.  It  occurs  as  tlie  dioxide  TiO,  in  three  minerals,  rutile, 
Lrookitc.  and  anatase,  which  possess  diiferent  crystalline  forms 
(see  Vol.  I.,  p.  745),  and  also  in  combination  with  ferrous  and 
ferric  oxides  in  titanic  iron  or  ilmenite  (FcTi)„03 ;  and  with  lime 
and  oxide  of  iron  in  perof&kite  (CaFejTiOj,  as  well  as  in  titanite 
or  sphene,  CaTiSiO^ ;  schorlnmite,  Ca(TiFe)Si05,  and  keilhauite, 
CaT(TiAIFe)SiOj.  Magnetic  iron  also  frequently  contains 
larger  or  smaller  quantities  of  titanium  dioxide,  and  this  titanium 
finds  its  way  into  many  blast-furnace  slags  and  pig-irons. 
Titanium  occurs  in  small  quantity  in  several  other  minerals,  and 
traces  have  been  found  in  trap  and  basalt,  in  many  amphiboles 
and  micas,  in  garnet,  and  hence  it  occurs  in  most  fertile  soils,  in 
many  clays,  and  likewise  in  certain  mineral  waters.  It  does 
not  appear  to  form  part  of  the  animal  or  vegetable  kingdom, 
but  its  presence  has  been  detected  iu  certain  meteorites,  and  it 
forms  an  important  constituent  of  tlie  solar  atmosphere. 

497  Metallic  TUaninm  is  distingiiished  from  almost  aU  other 
elements  by  its  singidar  power  of  combining  at  a  high  tempera- 
ture with  nitrogen.  Hence  the  metal  cannot  be  prepared  in  the 
pure  state  by  any  of  the  onlmary  methods  in  the  carrying  out  of 
which  the  atmospheric  nitrogen  is  present,  and  consequently  the 
first  attempts  to  produce  the  metal  yielded  titanium  nitride. 
Berzelius'  *  method  of  preparing  metallic  titanium  consists  in 
heating  a  mixture  of  dry  potassium  titanofluoride  and  potassium 
in  a  covered  crucible,  when  titanium  is  reduced  with  incan- 
descence.     The  fluoride  of  potassium  is  then  removed  by  water. 


'  CrtU.  Ann.  1791. 
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and  the  metal  obtained  in  the  form  of  a  dark-gray  amorphous 
powder.  Prepared  in  this  way,  however,  titanium  almost 
always  contains  titanium  nitride.  In  order  to  obtain  the  pure 
metal,  a  tube  of  porcelain  or  hard  glass  is  filled  with  hy- 
drogen, and  into  thi.s  two  boats  are  brought,  one  containing 
the  donble  fluoride  of  potassium  and  titanium,  and  the  other 
dry  sodium.  When  all  the  air  has  been  expelled  by  a  current 
of  hydrogen,  the  tube  is  heated  so  that  the  vapour  of  sodium 
comes  in  contact  with  the  titanium  salt,  when  the  metal  is 
reduced.  The  mass  when  cold  is  treated  with  warm  water.' 
When  dry  potassium  titanofliioride  is  heated  with  sodium 
in  a  well-closed  porcelain  crucible,  titanium  is  obtained  as  a 
black  porous  mass,  showing  in  different  places  brass-yellow  or 
bronze-coloured  particles.- 

Titanium  is  a  dark-gray  amorphous  powder  closely  resembling 
reduced  iron  in  appearance.  It  posse-sses  a  bright  metallic 
lustre  and  an  iron-gray  colour.  Wlien  lieated  in  the  air  it 
burns  brightly  with  formation  of  titanium  dioxide,  and  also  of 
some  nitride,  and  when  thrown  into  flame  in  the  state  o( 
fine  powder  it  burns  as  brightly  as  uranium.  When  heated  in 
oxygen  it  ignites  with  a  blinding  flash,  forming  a  powder  of 
titanium  dioxide.  Chlorine  does  not  act  upon  titanium  at  the 
ordinary  temperature,  but  at  higher  temperatures  these  elements 
combine  with  evolution  of  heat  (Wohler).  Mixed  with  red 
lead  and  heated,  it  burns  with  such  violence  that  the  mass  i.s 
thrown  out  of  the  crucible  with  loud  detonation.  Titanium 
does  not  decompose  wat^r  at  ordinary  temperatures,  but  on 
heating  the  water  to  the  boiling-point  hydrogen  begins  to 
escape.  It  is  readily  soluble  in  warm  hydrochloric  acid  with 
evolution  of  hydrogen,  whilst  dilute  nitric,  sulphuric,  and  even 
acetic  acids  attack  the  metal.  When  titanium  is  oxidized  by 
nitric  acid  having  a  specific  gravity  of  1'25,  much  of  the  titanic 
acid  formed  remains  insoluble. 


I 
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TITANIUM    AND  OXYGEN. 


498  Titanium  forms  several  oxides,  of  which  the  most  im- 
portant is : — 

Titanium    Dioxide,   TiOo,  which   occurs  as  three  different 


minerals,    namely,   rutile,   brookite,    and    anatase,    which 


*  Wohler  and  Dcville,  Om.  Kathr.  1857,  p.  237. 

*  GkUel,  Ber.  UciUack.  Ckem.  Get.  ix.  1820. 
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crystallize  in  the  quadratic  system.  Kutile  crystallizes  in 
quadratic  prisms  (Fig.  164)  and  is  Lsomorphous  with  cassiterite. 
These  have  an  adamantine  lustre,  a  brown  or  reddish  colour,  and 
a  specific  gravity  of  418  to  425.  They  oreur  in  granite,  syenite, 
and  gneiss,  and  occasionally  in  granular  limestone  and  dolomite. 
Anatase  has  the  same  composition  as  rutile,  but  crystallizes 
in  a  totally  different  form  (Fig.  165).  It  possesses  a  specific 
gravity  of  382  to  395  and  has 
a  brown  or  black  colour.  Tlie 
specific  gravity  of  brookite  is 
3-86  to  4-23.  These  as  well  as 
the  amorphous  titanium  di- 
oxide can  be  artificially  pre- 
pared. Amorphous  titanium 
dioxide  is  obtained  by  the  de- 
composition of  aqueous  chloride 
uf  titanium  by  ammonia,  the 
precipitate  being  wa.shed,  dried, 
and  ignited ;  or  it  may  be 
directly  prepared  from  rutile 
or  titanic  iron-ore.    In  order  to 

prepare  the  pure  oxide  from  rutile,  the  finely-powdered  mineral 
is  fused  with  three  times  its  weight  of  carbonate  of  potash,  the 
solidified  mass  powdered  and  dissolved,  in  a  platinum  vessel,  in 
dilute  hydrofluoric  acid,  in  which  case  potassium  titanofluoride 
is  formed,  and  the  iron  separated  out  free  from  titanium.  The 
mass  is  then  heated  with  the  addition  of  enough  water  to 
dissolve  the  whole  of  the  titanium  double  salt,  the  liquid  boiled 
and  filtered  hot.  On  cooling,  the  mass  of  the  titanofluoride 
crystallizes  out,  and  this,  after  washing  with  cold  water,  may  be 
purified  by  re-crystallization.  The  titanofluoride  is  then  dis- 
solved in  hot  water,  and  the  titanium  precipitated  by  ammonia 
as  titanic  hydrate  containing  ammonia,  and  this  on  igiution 
yields  pure  titanium  dioxide  (Wohler).  Pure  titanic  oxide  may 
also  be  obtained  from  titanic  iron  ore  by  igniting  it  in  a  mix- 
ture of  chlorine  and  hydrochloric  acid  when  ferric  chloride  is 
volatilized  (Friedcl  and  Gudrin) : 

•iFeTiOs  -f  4HU1  -f  Clg  -  Fe^a  +  2X10^  -|-2  HjO. 

Titanium  dioxide  is  a  white  tasteless  powder,  which  when  gently 
heated  has  a  lemon-yellow  colour,  and  when  strongly  ignited 
appears  brown.     It  has  a  specific  gravity  of  from  3*8'J  to  395, 
99 
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and  vheo  vety  stronglj  heated  its  spedfie  gaxitj  ximb  te  4CL 

It  maj  be  fnaed  in  the  oxjbjdrogen  flaae.     It  is  i 

in  water,  bjdrocbloiic  acid,  or  dilate  salplmie  add, 

heated  for  some  time  in  them,  bat  diaaohm  v 

some  time  with  strong  Bolpboric  acid.    It  alas 

when   fused  with   hydrogen  pota&sinm  sojpbate,  a 

being  obtained  which  dissolves  perfectly  in  warm 

fufled  with  alkaline  carbonates  it  yields  the  titanates. 

\Vheu  auorphoos  titanic  oxide  in  heated  with 
(Ebelmen)  or  with  borax  (G.  Boae)  for  some  time  to  «  wU»- 
beat,  fine  crj'stals  of  nitile  are  obtained,  which  have  a 
gravity  of  426.  Crystalline  titanic  oxide  can  abo  be 
by  strong  ignition  of  the  fluoride  in  a  current  of  moaBt  air 
hydrogen ;  thus  Hautefeuille '  has  shown  that  by 
at  a  teiJipcratore  not  exceeding  the  boiling-point  of  rathaiaiii 
(b6U°),  anatase  w  produced,  the  crystals  of  which  have  a  specific 
gravity  of  37  to  39  ;  at  a  temperature  of  about  1,000*.  steel- 
hlue  coloured,  rhombic  crystals  of  brookite  are  obtained,  wfaidi 
have  a  specific  gravity  of  4'1,  and  closely  resemble  the  natural 
crystals  from  Miask.  At  still  higher  temperatures  again, 
rutile  is  produced,  so  that  the  latter  is  the  only  form  whidi 
is  stable  at  a  high  temperature,  and  in  an  acid  or  mdst 
atmosphere.* 

499  Titanium  Saquioxide,  Ti^O,,  is  obtained  by  strongly  ^ 
niting  tiUiuium  dioxide  in  a  current  of  hydrogen,  and  allowing 
the  product  to  cool  in  the  gas.  Tlie  same  oxide  may  also  be 
obtaiued  as  a  copper-coloured  lustrous  crystalline  mass,  together 
with  the  sesquichloride  and  o.xychloride  of  titanium  by  passing 
a  mixture  of  liydrogen  and  the  vapour  of  titanium  chloride  over 
white-hot  titanium  dioxide.  It  is  not  attacked  by  nitric  or 
hydrochloiic  acid,  and  sulphuric  acid  dissolves  it  with  formation 
of  a  violet  solution  (Ebelmen). 

The  hydrated  scsquiorUle  is  formed  by  digesting  a  solution  of 
titanic  acid  in  hydrochloric  acid  with  metallic  copper  at  from 
20°  to  40°,  when  the  solution  attains  a  violet-blue  colour,  and 
this  is  then  poured  into  aqueous  ammonia,  when  a  dark-brown 
precipitate  of  titanous  hydroxide  falls  down  (Fuchs).  The  hy- 
droxide is  also  formed  wlieu  a  solution  of  the  trichloride  is  pre- 
cipitated by  alkalis.  The  only  known  compound  corresponding 
to  the  sesquioxide  is  the  sesquichloride  TijCIj  (see  page  260). 
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Umenite,  or  Titanic  Iron-ore,  (FeTi)30g.  This  mineral,  the  one 
in  which  titanium  was  first  discovered,  occurs  tolerably  widely 
distributed,  and  crj'stallizes  in  black  hexagonal  crystals,  isomor- 
phous  with  haematite.  One  of  its  most  important  localities  is 
Krageroe,  in  Norway.  Fine  crj'stals  are  also  found  at  Warwick 
Co.,  New  York,  and  vast  deposits  occur  at  Bay  St.  Paul,  in  Canada. 
It  is  frequently  found  in  the  finely-divided  state  as  sand  on  the 
shores  of  the  Mersey  opposite  Liverpool,  in  New  Zealand,  and 
elsewhere.  Its  specific  gravity  ranges  from  4o  to  5,  and  its 
composition  is  a  variable  one.  It  is  usually  considered  to  be  a 
mixture  of  ferrous  titanate  with  ferric  oxide,  but  its  isomorphism 
with  the  latter,  and  the  fact  that  when  it  dissolves  in  acids  it 
yields  the  same  colour  as  titanium  sesquioxide  renders  Eose'a 
view  probable  tliat  it  is  an  isomorphous  mixture  of  the  sesqui- 
oxides  of  iron  and  titanium. 
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500  Titanium  dioxide  forms  two  acids  or  hydroxides  which 
are  termed  titanic  and  metatitanic  acids.  These,  however,  have 
not  been  obtained  of  definite  composition,  nor  have  two  corre- 
sponding series  of  salts  been  prepared. 

Titanic  Acid.  This  is  obtained  as  a  white  powder,  easily 
soluble  in  sulphuric,  nitric,  and  hydrochloric  acids,  even  when 
these  acids  are  diluted,  by  precipitating  a  cold  solution  of  tita- 
nium dio.xide  in  hydrochloric  acid  with  an  alkaline  hydroxide. 

Mcfaiitanic  Acid.  This  is  precipitated  when  acid  solutions  of 
titanium  dioxide  are  boiled ;  it  may  also  be  prepared  by  acting 
on  metallic  titanium  with  nitric  acid  of  specific  gravity  of  1'25. 
Titanic  acid  is  also  converted  into  metatitanic  acid  when  dried 
in  a  vacuum,  or  heated  in  the  air  to  140°.  It  is  a  soft  white 
powder,  insoluble  in  water  and  almost  insoluble  in  acids,  with 
the  exception  of  concentrated  sulphuric  acid. 

Titanic  hydroxide  acts  as  a  weak  base  as  well  as  an  acid,  form- 
ing salts  with  both  acids  and  alkalis. 

Potassium  Titanate,  KoTiOa,  is  formed  as  a  yellow  fibrous 
mass  when  the  dioxide  is  fused  with  potassium  carbonate.  On 
boiling  titanic  acid  with  caustic  potash,  colourless,  readily  soluble 
prisms  of  K^TiOj  +  4HjO  are  deposited.  When  a  hydrochloric 
acid  solution  of  titanic  acid  is  precipitated  with  potassium 
carbonate,   au  amorphous  precipitate  of  potassium  trititanate 
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KjTigOj  +  2II2O,  is  tlirown  down,  and  this  in  presence  of  liydro- 
chloric  acid  is  converted  into  a  hextitanate,  K^Ti^Oja  +  2H,0. 
The  fused  anhydrous  normal  salt,  when  treated  with  water  in 
excess,  also  yields  a  trititanate,  K^TljOj  +  3HjO,  as  a  fine 
crystalline  powder. 

Calcium  Titanute,  CaTiOj.  This  occurs  in  the  Urals,  in  the 
valley  of  Zermatt  in  Switzerland,  and  at  Magnet  Cove,  Arkansas, 
as  the  mineral  perofskite,  which  contains  in  addition  1  to  6  per 
cent,  of  ferrous  oxide,  as  well  as  traces  of  manganese  and  mag- 
nesium. It  forms  rhombic  crystals  having  a  metallic  or  ada- 
mantine lustre,  a  yellow  or  iron-black  colour,  and  a  specific 
gravity  of  40.  The  cr}'stal3  can  bo  artificially  obtained  by 
strongly  igniting  a  mixture  of  titanium  dioxide,  lime,  and 
calcium  carbonate  (Ebelmen). 

Calcium  Titanosilicatc,  CaTiSiOj,  is  found  as  titanite  or  sphene 
in  brown,  green,  or  black  monoclinic  crj'stals,  having  an  adaman- 
tine or  resinous  lustre  and  a  specific  gravity  of  34  to  356, 
occurring  imbedded  in  granite,  gneiss,  mica-schist,  and  granular 
limestone.  Titanite  can  be  obtained  artificially  by  fusing 
calcium  chloride  with  titanium  dioxide  and  silica.  The  mineral 
guarinito  has  the  same  composition  as  titanite,  and  is  found  in 
quadratic  crystals,  having  a  specific  gra\ity  of  3'487,  in  small 
cavities  in  a  grayish  trachyte  at  Monte  Somma. 
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501  Titanium  Bichloride,  TiClj,  was  obtained  by  Friedel  and 
Guerin*  by  passing  dry  hydrogen  at  a  dark-red  heat  over 
titanium  sesquichloride.  This  compouud  is  a  very  hygroscopic 
light-brown  powder,  which  can  be  volatilized  in  hydrogen  at  a 
red-heat  without  fusion.  It  burns  like  tinder  on  exposure  to  air, 
giving  off  fumes  of  titanium  tetrachloride  and  leaving  a  residue 
of  titanium  dioxide.  It  hisses  when  thrown  into  water,  erolvin" 
hydrogen  and  yielding  a  yellow  liquid. 

Titanium  Sesquichloride,  Ti^Cle.  When  the  vapour  of  titanium 
tetrachloride  mixed  with  hydrogen  is  passed  through  a  red-hot 
tube,  dark  violet  scales  of  the  sesquichloride  are  deposited  (Ebel- 
men). It  may  also  be  obtained  by  heating  titanium  tetrachloride 


.^nn.  Chim.  Phyt.  [5],  vii.  U. 
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in  «  closed  tube  witli  molecular  silver  to  a  temperature  of  from 
180°  to  200°: 

2TiCI,  +  2Ag  =  TijClj  +  2AgCL 

If  the  mixture  thus  obtained  be  heated  more  strongly,  tlie 
reverse  actiou  takes  place  (Friedel  and  Guerin).  Titanium 
8e8quichloride  is  non-volatile  and  on  heating  decomposes  itito 
the  dichloride  and  tetrachloride.  When  heated  in  the  air,  thick 
jVapours  of  titanium  tetrachloride  are  emitted  and  titanium 
'dioxide  is  left  behind.  It  readily  deliquesces  on  exposure  to 
moist  air,  and  dissolves  in  water  with  evolution  of  heat, 
yielding  a  redcUsh-violet  solution. 

Titanium  seaquicliloride  is  a  powerful  reducing  agent.  Thus 
when  boiled  with  aqueous  sulphurous  acid,  sulphur  separates  out, 
and  the  salts  of  gold,  silver,  and  mercury  are  reduced  by  it  to 
metal 

50a  TUanium,  Tetracldoridt,YiQ\^,    Metallic  titanium  does  not 
Lxjombine  with  chlorine  at  the  ordinary'  temperature,  but  when 
rlheated  it  burns  in  the  gas  with  brilliancy,  forming  the  tetra- 
chloride (Wohler).     According  to  Friedel  and  Guerin,  titanium 
..dioxide  is  converted,  in  presence  of  chlorine  at  a  white-heat, 
into   titanium   tetrachloride  with  evolution   of  oxygen.      The 
tetrachloride  is,  however,  best  obtained  by  passing  dry  chlorine 
L  over  a  heated  mixture  of  titanium  dioxide  and  carbon.   Titanium 
'  tetrachloride  is  a  mobile,  transparent,  colourless  liquid,  having 
a  specific  gravity  of  17609  at  0°  (Pierre).     It  boils  at  135°,  and 
its  vapour  has  a  specific  gravity  of  6  836  (Dumas).     It  possesses 
a  penetrating  acid  smell,  and  emits  dense  M-hite  fumes  on  ex- 
posure to  air.    The  pure  chloride  remains  liquid  at  — 25°. 

Titanium  tetrachloride  dissolves  in  water  with  evolution  of 
heat,  and  when  exposed  to  the  air  it  absorbs  moisture  and 
gradually  solidifies,  forming  hydrated  titanium  tetrachloride, 
•which  dissolves  in  a  larger  quantity  of  water.  Titanium  tetra- 
chloride is  not  decomposed  by  potassium  even  at  the  boiling- 
point,  but  when  its  vapour  is  passed  over  heated  potassium  or 
sodium,  metallic  titanium  is  formed  with  incandescence. 

Titanium  teti-achloride  yields  a  large  number  of  crystalline 
compounds  with  other  chlorides  analogous  to  those  formed  by 
stannic  chloride.  When  dry  ammonia  gas  is  passed  over  tita- 
nium tetrachloride,  it  is  rapidly  absorbed,  and  a  very  hygroscopic 
powder,  TiCl^  +  4NH,,  is  formed,  which  when  ignited  yields  a 
yellow  sublimate  of  TiCl^  +  3NHjCl. 


Titanium  Oxycktoride,  TijOjCL;,  is  obtained,  together  with 
dicliloride,  when  a  mixture  of  hydrogen  and  the  vapour  of  tita- 
nium tetracldoride  is  passed  over  the  ignited  dioxide.  It  fornis 
reddish-brown  translucent  crystals,  which  burn  wlien  heated  in 
the  air,  with  formatiou  of  dioxide  and  tetrachloride  (Friedel 
and  Gu(5rin). 

Titanium,  Telrabromide,  TiBr^  is  obtained  when  bromine  is 
passed  over  a  mixture  of  titauium  dioxide  and  carbon  at  a  red- 
heat.  The  brown  crj'stalline  product  is  rectified  over  mercury, 
and  an  amber-yellow,  hygroscopic,  finely  crystalline  mass  is  ob- 
tained which  has  a  specific  gravity  of  2  6,  melts  at  39°,  and  boils 
at  23U'.i 

Titanium  TctraiodUle,  Til^  is  produced  when  iodine  vapour  is 
passed  over  ignited  titanium  (Weber) ;  also  when  dry  hydriodic 
acid  is  passed  into  titanium  tetrachloride,  which  is  gradually 
heated  up  to  its  boiling-point.  The  small  quantity  of  free  iodine 
giving  a  violet  tinge  may  be  removed  by  three  or  four  distilla- 
tions in  a  stream  of  hydrogen  (Hautefeuille).  A  third  process 
consists  in  passing  the  vapour  of  titanium  tetrachloride  mixed 
with  hydrogen  and  iodine  vapour  through  a  tube  heated  to 
redness.  Titanium  tetraiodide  forms  a  brittle  mass  having  a 
reddish-brown  colour  and  metallic  lustre.  It  melts  at  150'  to  a 
yellowish-brown  liquid,  which  solidifies  on  looling  to  fine  octo- 
hedral  crystals.  It  distils  without  decomposition  at  a  tempera- 
ture slightly  above  360°,  giving  rise  to  orange-coloured  vapoure. 
The  specific  gravity  of  its  vapour  at  440°  is  18054.  It  fames 
strongly  in  the  air  and  dissolves  readily  in  water. 

503  Titanium  Tclrafluoride,  TiF^  is  obtained  as  a  fuming, 
colourless  liquid  when  a  mixture  of  titanium  dioxide  and  fluor- 
spar is  distilled  with  fuming  sulphuric  acid  in  a  platinum  vessel 
(Unverdorben),  When  titanium  dio.xide  is  dissolved  in  hydro- 
fluoric acid,  a  syrupy  liquid  is  obtained,  which  is  probably 
hydrogen  litanofluoruie,  H.jTiF„.  The  titanojluorides  are  iso- 
moiphous  with  the  silicofluorides  and  zirconofluoridea. 

Potassium  Titanojiuoridc,  KjTiF^  -|-  H.O.  This  salt  is  pre- 
pared either  by  adding  potash  to  aqueous  hydrogen  titanofluoride 
(Berzelius),  or,  according  to  Wiihler,  by  fusing  titauium  dioxide 
in  a  platinum  crucible  with  twice  its  weight  of  potassium  car- 
bonate and  dissolving  the  fused  and  pulverised  mass,  in  a  ! 
platinum  dish,  in  the  requisite  quantity  of  ddute  hydrofluoric 
acid.     The  potassium  salt  then  crystallizes  out  in  shining  scales, 

1  Duppm  Proc.  Roy.  Six.  riii.  42. 
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closely  resembling  those  of  boric  acid  and  belonging  to  the 
monoclinic  system  (Marignac),  ■which  may  be  dried  between 
filter  paper,  and  recrystallized  from  boiling  water.  It  loses  its 
water  at  100°,  and  melts  without  decomposition  at  a  white-heat. 
Sodium  Tilaiwfluoride,  Na^TiFg,  is  obtained  in  a  similar 
anner  to  the  preceding  salt  in  liexngonal  prisms  most  probably 
isomorphous  with  sodium  sOicofluoride  (Marignac).  A  solution 
containing  an  excess  of  hydrofluoric  acid  deposits  small  glisten- 
ig  rhombic  crj-stals  having  the  composition  NajTlF^  +  NaHT^. 


■^ 

t 

^■•n: 


Ammonium  Titannjluoride,   (i!ill^\TiFg.     This  salt  was  ob- 

ined  by  Berzelius  in  rhombohedrons  isomorphous  with  the 
orresponding  tin  compound,  by  neutralizing  hydrogen  titano- 
fluoride  with  ammonia.  A  second  ammonium  s.olt  having  the 
composition  (NH^)jTiFg  +  NH^F  separates  in  quadratic  crystals 
from  a  solution  of  tlie  preceding  salt  in  an  excess  of  fluoride  of 
ammonium. 

The  titanoftuoride  of  strontium,  SrTiFg  +  2HjjO,  is  a  soluble 
salt  isomorphous  witli  the  corresponding  silicofluoride,  whilst 
magnesium  titanofltioride,  MgTiFj  +  GH^O,  is  isomorphous  willi 
the  corresponding  stannofiuoride.  * 

504  Tiianiuvi  Sesqwsidphate,  Tij(S04)3  +  SHjO.i  s  obtained  by 
dissolving  the  metal  in  dilute  sulphuric  acid.  The  violet  solu- 
tion, which  on  concentration  assumes  a  fine  blue  lustre,  deposits 

all  tufts  of  crystals  (Glatzel). 

Normal  Tifanium  Bisuljihale,  Ti(SO J j -t- 311,0,  is  formed  by 
the  oxidation  of  tlie  sesqiiisulphate  with  nitric  acid,  and  on 
evaporation  remains  as  a  transparent  yellowish  deliquescent 
amorphous  mass.  If  the  calculated  quantity  of  potassium 
sulphate  be  added  to  this  solution  and  the  mixture  allowed 
to  evaporate  over  sulphuric  acid,  crystals  of  the   double  salt 

jSO^  +  Ti(S0^)2  +  SHjjO  separate  out. 

Bamc  Tiianium  Sidj}}ui(c,  (TiO)SOj,  is  obtained  as  a  white  hard 
*ias3  by  dissolving  dry  titanic  acid  in  boiling  sulphuric  acid 
and  evaporating.' 

1  Ba»ic  Titanium  Phosphate,  Ti(OH)?0^-f  Hp,  is  obtained 
as  a  gelatinous  precipitate  by  adding  ammonium  phosphate  to  a 
hydrochloric  acid  solution  of  titanic  acid.  On  drj-ing  at  100°  it 
attains  the  above  composition.  The  pyrojihosphate,  (TiO)gPjOj, 
is  formed  as  a  plant-like  growth  by  igniting  the  preceding  com- 
pound. 

The  soluble  titanium  salts  possess  a  sour,  very  astringent  taste. 

'  Merz,  Joiim.  Pract.  Chem.  icix.  157. 
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TITANIUM  AND  SULPHUR. 


Titanium  Sulphide,  TiS^.  This  compound,  discovered  byKose, 
is  the  only  known  sulplude  of  titanium,  and  is  prepared  by  slowly 
passing  the  vapour  of  carlxju  disulphide  over  titanium  dioxide. 
It  forms  large  brass-yellow  lustrous  scales,  closely  resemliling 
mosaic  gold.  It  bums  when  ignited  in  the  air,  yielding  titanium 
dioxide  and  sulphur  dioxide. 


TITANIUM  AND  NITROGEN. 


i 


505  Titanium  possesses  the  remarkable  property  of  combin- 
ing directly  at  high  temperatures  with  free  nitrogen  (Wohler). 
Several  compounds  of  titanium  and  nitrogen  are  known.  The 
compound  TigN^  is  obtained  by  heating  animonio-chloride  of 
titanium,  TiCl,,4NH,,  by  itself  CH.  Kose),  or  better  in  a  stream 
of  ammonia  gas '  as  a  copper-coloured  substance  originally 
supposed  to  be  metallic  titanium,  but  which  Wohler*  proved  to 
consist  of  a  nitride  of  titanium  having  the  above  composition 
and  containing  8  per  cent,  of  nitrogen. 

Another  nitride  of  titanium,  TiNj,  is  obtained  as  a  dark-bine 
powder,  having  a  copper-red  lustre  resembling  sublimed  indigo, 
by  strongly  igniting  titanium  dioxide  in  a  current  of  ammonia 
gas  (Wohler). 

A  third  compound,  Ti^N,,  is  prepared  by  igniting  the  com- 
pound TijN^  in  a  current  of  hydrogen,  when  ammonia  is  given 
ofif.  It  possesses  a  bronze  or  almost  golden-yellow  colour,  and 
may  be  heated  to  the  melting-point  of  copper,  air  being  excluded, 
without  undergoing  change,  but  when  heated  in  nitrogen  it  com- 
bines again  with  it.  Tissio  du  Molhny  has  proposed  to  utilise 
this  reaction  for  obtaining  ammonia  from  atmospheric  nitrogen, 
inasmuch  as  these  nitrides  yield  ammonia  when  heated  in 
hydrogen. 

When  these  nitrides  in  a  finely-divided  state  are  heated  with 
the  oxides  of  copper,  lead,  and  mercury,  they  emit  a  sparkling 
flame,  the  oxides  being  reduced  to  the  metallic  state.  Wlien 
fused  with  caustic  potash  they  are  decomposed  with  evolution 
of  ammonia  (Wohler), 

I  Licbig,  Piigg.  Ann.  xzL  250.  *  Jntk  Chtm,  Pharm.  Uxiii.  M, 
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According  to  the  recent  investigations  of  Friedel  and  Gu^rin, 
titanium  only  forms  the  compounds  TijNj,  Ti^N^,  TijNj. 

Titanium  Cya no-nitride.  When  iron  ores  containing  titanium 
reduced  in  the  blast-furnace,  small  brilliimt  copper-coloured 

bes,  which  are  hard  enough  to  scratch  glass,  and  are  almost 
infusible,  are  found  in  cavities  both  of  the  slag  and  of  the  metal. 
A  mass  containing  as  much  as  80  lbs.  has  been  found  in  a  single 
blast-furnace  in  the  Harz.  This  substance  was  examined  by 
WoUaston  in  1822  and  believed  by  him  to  be  metallic  titanium  ;* 
but  Wohler  in  1849  showed  that  it  contained  nitrogen  and 
cyanogen,  and  gave  to  it  the  formula  Ti(CN)2  -t-  3TigNj.  He 
likewise  obtained  it  artificially  *  by  lieating  a  mixture  of  ferro- 
cyanide  of  potassium  and  titanium  dioxide  in  a  well-closed 
crucible  at  a  temperature  sufticient  to  melt  nickel  Titanium 
cyano-nitride  can  also  be  prepared  by  heating  to  whiteness  a 
mixture  of  titanium  dioxide  nud  charcoal  iu  a  tube  of  gas-carbon 
in  a  stream  of  dry  nitrogen  (Deville  and  Wohler).*  A  third 
niethod  of  preparation  is  to  fuse  potassium  cyanide  in  the  vapour 
of  titiinium  tetrachloride  (Wohler).  The  artificial  crystals,  which 
resemble  the  natural  ones  in  crystalline  form  and  colour,  have  a 
specific  gravity  of  528,  and  are  only  attacked  by  a  mixture  of 
nitric  and  hydrofluoric  acids.  When  ignited  in  a  current  of 
steam  they  are  decomposed  as  follows : 

Ti{CN),  -1-  STijN,  -I-  20H,O  =  2HCN  +  lOTiOj  -l-  6NHj-j-  lOHj. 


Chlorine  also  decomposes  this  substance  at  a  red-heat,  titanium 
tetrachloride  and  a  volatile  sublimate  consisting  of  a  compound 
of  titanium  tetrachloride  and  cyanogen  chloride  being  formed. 
When  fused  with  potash  ammonia  is  given  off,  potassium  titanate 
being  produced. 


L  DeteCTIOIT  and  ESTTMATIOIf  OP  TiTANIUM. 

506  Titanium  is  distinguished  from  tin  inasmuch  as  its  o.xides 
are  not  reduced  to  the  metallic  state  when  heated  on  charcoal 
before  the  blowpipe.  With  microcosmic  salt  titanium  dioxide 
yields  a  colourless  bead  in  the  outer  flame  and  in  the  inner  flame 
the  bead  is  yellow  whilst  hot  but  assumes  a  violet  colour  on 
cooling.  According  to  Eiley  the  delicacy  of  this  reaction  is 
increased  by  melting  metallic  zinc  in  the  microcosmic  bead 
.heated  on  charcoal,  a  distinct  colouration  being  then  obtained, 

»  Phil.  Trant.  1823,  17.  '  Ann.  Pharm.  Ixxiii.  S*,  and  Ixiir.  212. 

•  Ann.  Chem.  Pharm  nix.  230. 
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■when  the  zinc  is  burnt  away,  with  minute  quantities  of  titanium. 
When  fused  in  the  microcosmic  bead  with  addition  of  a  small 
quantity  of  an  iron  salt  in  the  reducing  flame  a  bright-red  bead 
is  obtained. 

Titanium  compounds  do  not  colour  the  gas-flame,  but  the 
spark-spectrum  shows  au  enormous  number  of  bright  lines, 
chiefly  in  the  blue  and  green,  which  have  been  carefully  mapped 
byThak'n  and  others.  JletalUc  zinc  placed  in  a  hydrochloric  acid 
solution  of  titanic  acid  evolves  hydrogen  and  the  liquid  assumes 
a  violet-blue  colour,  a  dark  violet  precipitate  being  formed  if 
the  solution  be  not  too  dilute,  and  this  gradually  turns  white  by 
oxidation.  The  violet-blue  solution  when  diluted  with  water 
assumes  a  rose-colour,  and  this  reaction  serves  for  the  detection 
of  small  quantities  of  titanium.  Sodium  thiosulphate  when 
boiled  with  a  nearly  neutral  solution  of  a  titanate  precipitates  the 
■whole  of  the  titanic  acid,  and  this  reaction  serves  as  a  means  of 
separating  titanium  from  iron  and  the  metals  of  the  ceriam  group. 

Titanium  is  always  determined  quajititniively  in  the  form  of 
titanium  dioxide  this  being  thrown  down  from  its  solutions  in 
acids  by  ammonia.  Titanium  may  also  be  determined  volumetri- 
cally  by  reducing  titanium  dioxide  to  titanium  sesquio.\ide  by 
means  of  zinc  in  an  acid  solution  and  subsequent  oxidation  by  a 
standard  permanganate. 

The  atomic  weight  of  titanium  was  first  determined  by  Bose ' 
in  1829  by  decomposing  titanium  tetrachloride  with  water, 
weighing  the  titanic  acid  and  estimating  the  amount  of  clilorine 
in  the  fillrate ;  100  pirta  of  titanium  tetrachloride  yielded 
301'7  parts  of  silver  chloride,  whence  the  atomic  weight  of 
titanium  is  found  to  be  48  15.  Pierre,'  on  the  other  hand,  in 
1847  obtained  the  number  50-23,  whilst  Demsly  ^  obtained  the 
number  56"3. 

Of  these  Rose's  number  is  probably  the  most  reliable.  Tita- 
nium stands  in  the  same  relation  to  silicon  as  vanadium  stands 
to  phosphorus,  and  chromium  to  sulphur.  It  has,  however, 
been  observed  in  similar  cases  that  the  difference  between  the 
atomic  weights  of  analogous  elements  is  neai'ly  constant  and  it 
would,  therefore,  appear  that  the  lower  atomic  weight  is  the 
more  likely  to  be  correct. 

Si  =  28  P  =  30'96  S   =  31-98 

Ti  =  48  V  =  51-2  Cr  =  524 


i 
4 
4 


I 
4 


'  Fogg.  Ann.  xv.  145. 


*  ^nn.  Chim.  Phyt.  [3],  xx.  287. 
>  Compl.  Send.  1849,  Zi6. 
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Titanium  occupies  a  peculiar  position  amongst  the  metals. 
In  consequence  of  its  liquid  volatile  tetrachloride  and  of  its 
acid-forming  dioxide  it  stands  in  a  mean  position  between 
silicon  and  tin,  whilst,  on  the  other  hand,  in  its  power  of 
forming  sesqui-compounds  it  is  allied  to  iron,  chromium,  and 
aluminium. 


ZIRCONIUM  Zr  =  90. 


507  In  1789  Klaproth  found  a  new  earth  in  the  mineral  zircon, 
to  which  he  gave  the  name  of  zirconium.  He  discovered  in 
1795  that  the  same  earth  was  contained  in  hyacinth,  a  mineral 
found  in  Ceylon,  and  he  thus  ascertained  the  truth  of  Wer- 
ner's previous  supposition  that  these  two  minerals  are  identical. 
Zircon  and  hyacinth  possess  the  formula  ZrSiO^,  and  are  more 
or  less  coloured  by  ferric  oxide.  Zirconium  is  likewise  found 
in  a  few  other  rare  minerals. 

The  metal  zirconium  was  first  obtained  by  Berzelius  in  the 
form  of  an  iron  gray  powder  by  heating  potassium  zirconofluo- 
ride  with  potassium.  The  metal  also  can  be  obtained,  according 
to  Troost,  by  passing  the  vapour  of  zircoiuum  chloride,  ZrCl,, 
over  ignited  sodium.  The  ignited  amorphous  metallic  powder 
thus  obtained  is  so  finely  divided  that  it  passes  through  the 
pores  of  filter-paper,  but  it  assumes  a  metallic  lustre  under  the 
burnisher.  In  the  crystallized  state  zirconium  was  first  pre- 
pared by  Troost'  by  strongly  heating  potassium  zirconofiuorido 
with  I'o  times  its  weight  of  aluminium  in  a  graphite  crucible. 
The  temperature  employed  must  be  high  enough  to  fuse  iron, 
otherwise  the  metal  contains  large  quantities  of  ahiminium.  The 
excess  of  this  latter  metal  is  extracted  with  hydrochloric  acid, 
and  the  brittle  crystalline  scales  of  zirconium  remain  undissolved. 
These  resemble  autimony  in  their  appearance  and  have  a  specific 
gravity  of  ■t'15.  The  following  is  the  composition  of  the  metal 
thus  prepared ;  * 


Zirconiun 

L      .    .    .    ,    98-34 

Aluminiu 

m    .    .     .    .       1-03 

Silicon 

017 

99-54 

i.  213. 

■  Fruiz,  B»r.  Dtutaeh.  Chm.  Oei.  iii.  £8 
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The  amorphous  metal  takes  fire  in  the  air  when  gently  warmed 
and  burns  with  a  bright  light,  but  the  crystallized  variety  can 
only  be  ignited  at  the  temperature  of  the  oxy-hydrogen  tianie, 
or  in  chlorine  gas  at  a  red-heat.  Ordinary  acids  do  not  attack 
it,  even  on  lieating,  but  it  readily  dissolves  in  hydrofluoric  acid, 
and  it  is  rapidly  oxidized  by  aqua  regia. 

Zirconium  Oi.~idc  or  Zirconia,  ZrO^,  is  the  only  oxide  of  this 
metal.  In  order  to  prepare  it,  zircon  is  ignited  and  then 
quenched  in  water.  The  powdered  mineral  is  mixed  with  three 
to  four  times  its  weight  of  acid  potassium  fluoride  and  gently 
heated  in  a  platinum  vessel  until  all  moisture  has  been 
driven  off.  The  platinum  crucible  is  then  placed  in  a  Hessian 
one  and  both  well  covered  and  exposed  for  two  hours  to  the 
strongest  heat  of  a  wind-furnace.  Tlie  porcelain-like  mass 
tlius  obtained  is  boiled  with  water  containing  hydrofluoric  acid 
and  the  insoluble  potassium  silicofluoride  filtered  off.  On  cooling 
the  solution,  crystals  of  potassium  zirconnfluoride  are  deposited 
and  these  purified  by  recrystallization.  Tlie  pure  salt  is  then 
heated  with  sulphuric  acid  until  all  the  hydrofluoric  acid  is 
driven  off,  dissolved  in  water,  and  the  zirconia  precipitated  in 
the  cold  by  ammonia.' 

In  order  to  avoid  the  use  of  hydrofluoric  acid,  the  very  finely 
powdered  zircon  may  be  treated  as  follows.  It  is  first  fused 
with  hydrogen  potassixim  sulphate  and  the  fused  mass  repeatedly 
boiled  out  with  water  containing  sulphuric  acid  when  a  residue 
of  basic  zirconium  sulpliate,  Zr;jSO„,  is  obtained,  which  is  next 
fused  with  caustic  soda  in  a  silver  basin.  This  is  then  lixiviated 
with  water,  the  residual  zirconia,  which  contains  soda,  washed 
with  hot  water  and  dissolved  in  hot  concentrated  sulphuric  acid, 
the  solution  filtered  and  precipitated  with  ammonia  (Franz). 
The  precipitate  thus  obtained  consists  of  Zirconium  Hydroxide, 
Zr(OH)^,  which  readily  parts  with  its  water  on  lieating.  The 
liydroxide  is  slightly  soluble  in  water  and  colours  yellow  turmeric 
paper  brown.  When  precipitated  and  washed  in  the  cold  it  is 
easily  soluble  in  acid.  If,  however,  it  be  precipitated  from  a  hot 
solution,  or  waslied  with  boiling  water,  it  is  only  soluble  in 
concentrated  acids.  When  heated  to  incipient  redness  it  is 
converted  into  zirconia  with  evolution  of  heat.  The  oxide  thus 
obtained  is  only  slightly  soluble  even  in  hydrofluoric  acid 
but  dissolves  on  heating  in  a  mixture  of  two  parts  of  sulphuric 
acid  and  one  part  of  water.     Zirconia  can  be  obtained  iu  the 

*  Homberger,  Lichig'a  Ann.  clxxxi.  232, 
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crystalline  state  in  the  form  of  quadratic  prisms  isomorphous 
with  cassiterite  and  rutile  and  having  a  specific  gravity  of  571.* 
For  this  purpose  the  amorplious  oxide  is  fused  with  borax  in  a 
porcelain  furnace,  the  fused  residue  being  boiled  out  with 
sulphuric  acid. 

Like  the  oxides  of  the  other  metals  of  this  group,  zirconia 

! forms  salts  with  both  acids  and  bases. 
508  Sodium  Zirconate,  Na^ZiOj,  obtained  by  fusing  the  oxide 
with  carbonate  of  soda,  forms  a  crystalline  mass  which  is  decom- 
posed by  water  with  separation  of  zirconia.    When  heated  with 
an  excess  of  sodium  carbonate  to  whiteness  the  salt  Na^ZrO^  is 
produced     This  is  again  decomposed  by  water  with  formation 
of  hexagonal  tables  having  the  composition  Na,ZrgO,j  -f  1211^0 
=  Na,O.SZrO„  +  121L0. 
^      The  zircouates  of  calcium  and  magnesium  are  crystalline  and 
^■insoluble  in  water. 

■     50 

^"  chloi 
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509  Zirconium  CJiloride,  ZrCl^,  is  obtained  as  a  white  sublimate 
by  igniting  a  mixture  of  zirconia  and  charcoal  in  a  current  of 
chlorine.  The  specific  gravity  of  the  vapour  is  8.15.'*  It  dis- 
solves in  water  with  evolution  of  heat,  and  on  evaporating  the 
solution  tlie  basic  salt  2ZrOC]2  +  OlIjO  separates  out  in  stellated 
needles.  If  the  hydroxide  be  dissolved  in  hydrochloric  acid, 
and  the  solution  evaporated,  silky  needles  are  deposited  which 
have  an  astringent  taste.  Tliese  lose  water  at  50'  and  are  con- 
verted into  the  above  basic  salt.  When  the  anhydrous  chloride 
is  heated  in  oxygen  the  oxychloride,  Zr^OgCl,,  is  obtained  in  the 
form  of  a  volatile  white  solid  body.^ 

Zirconium  Bromick,  ZrBr^,  is  prepared  in  a  similar  way  to  the 
chloride  and  forms  a  white  crystalline  powder  wluch  is  easily 
volatilized  at  the  heat  of  the  gas-Hame.  In  contact  with  moist 
air  or  water  it  fonns  zirconium  oxybromide,  ZrOBr^,  which 
crystallizes  in  needles. 

'  Nordenskiold,  Pogg,  Ann.  cxir.  612. 

»  DoTillc  and  TrwBt,  CompUa  Rendtis.  xIt.  821.  »  Ibid,  liiiii.  fi6S. 
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Zirconium  Fluoride,  ZrF,,  is  obtained  by  heating  zirconia  with 
acid  ammonium  fluoride.  The  residual  mass  is  easily  soluble  in 
water  containing  hydrofluoric  acid  and  crytallizes  in  glistening 
tricliuic  tiiblea  having  the  composition  ZrF^  +  3HjO. 

Zirconium  fluoride  forms  a  series  of  double  salts  with  other 
fluorides  which  are  isomorplious  with  tlie  corresponding  sib'co- 
fluorides,  stannottuorides,  and  titanofluorides. 

Folassiuin  Zirconojluorule,  KaZrEj,  is  obtained  by  igniting 
zircon  with  acid  potassium  fluoride  or  by  pouring  a  solution  of 
potassium  fluoride  into  an  excess  of  zirconium  fluoride  solution. 
It  crystallizes  from  hot  water  in  small  acute  rhombic  prisms  and 
dissolves  at  2"  in  128,  at  15°  in  71,  and  at  100"  in  4  parts  of 
water.     This  salt  is  used  for  the  preparation  of  the  metal. 

AVhen  zirconium  hydroxide  is  dissolved  in  the  smallest 
quantity  of  h3'drofluoric  acid,  and  the  liquid  poured  into  n 
concentrated  solution  of  neutral  potassium  fluoride,  the  salt 
K„ZrFg  +  KF  is  precipitated,  and  may  be  crystallized  from 
boiling  water  in  fine  needles. 

If  sodium  fluoride  and  zirconium  fluoride  be  mLxed  in  any 
proportion,  the  salt  NajZrFa  +  4XaF  is  produced.  It  forms 
small  monoclinic  crystals  which  dissolve  in  258  parts  of  water 
at  18°  and  at  100°  in  about  GO  parts  of  water. 

Ammonium  salts,  corresponding  to  the  salts  of  potassium,  and 
other  double  fluorides,  are  known,  which  crystallize  well  and  are 
usually  soluble. 

Zirconium  Sulphate,  Zvi^O^.^,  is  obtained  by  di.ssolving  the 
oxide  or  hydroxide  in  sulphuric  acid,  evaporating,  and  heating 
nearly  to  redness.  It  is  a  white  mass  which  dissolves  slowly 
but  completely  in  cold,  and  quickly  in  hot  water.  Ilydrated 
crystals  are  obtained  by  concentrating  a  solution  which  contains 
free  acid,  and  these  swell  up  on  heating  like  alum.  The  salt 
decomposes  at  a  red-heat,  leaving  a  residue  of  pure  zirconia.  If 
its  solution  be  saturated  with  zirconium  hydroxide  a  basic  salt, 
Zr(S04)j  +  ZrOj,  is  formed,  and  this  is  obtained  on  evaporation 
as  a  hydrated  mass.  If  the  normal  salt  be  precipitated  with 
alcohol  an  insoluble  salt,  Zr(S04)2  +  2ZrOj,  is  thrown  down. 

Zirconium  Nitrate,  Zr(N03)^,  is  obtained  as  a  yellow  gummy 
mass  by  dissolving  the  hydroxide  in  nitric  acid  and  evaporating 
at  a  moderate  heat. 

Silicates  of  Zirconium.  Of  these,  zircon,  ZrSiO^,  is  the  most 
important.  It  occurs  in  crystalline  rocks,  especially  in  granular 
limestone,  schist,    gneiss,   syenite,  and    granite.      The    chief, 
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localities  are  in  alluvial  sands  in  Ceylon,  the  Urals,  in  the  Isle 
of  Harris,  in  Greenland,  in  the  gold  districts  of  Australia,  and  in 
many  places  in  North  America.  Zircon  crystallizes  in  quadratic 
prisms  and  pyramids  (Fig.  166)  having  an 
adamantine  lustre  and  in  the  pure  state  are 
colourless.  Usually,  however,  zircon  is 
coloured  red  or  yellow  by  ferric  oxide.  The 
colourless  as  well  as  the  smoke-coloured 
variety  is  termed  jargon.  This  variety 
exhibits  a  peculiar  absorption  spectrum, 
from  which  Sorby  concluded  tliat  it  con- 
tained a  new  element,  to  which  he  gave 
the  name  of  jargonium,  but  subsequently 
he  found  that  these  lines  are  caused  by 
the  presence  of  uranium  oxide.  An  arti- 
ficial jargon  yielded  a  similar  spectrum, 
though  neither  uranium  nor  zirconium  compounds  do  so.^ 


ZIRCONIUM  AND  SULPHUR 


When  metallic  zirconium  and  sulphur  are  heated  together  in 
a  current  of  hydrogen,  they  combine  with  evolution  of  heat  to 
form  a  cinnamon-brown  powder,  which  assumes  a  metallic  lustre 
under  the  burnisher.  This  is  not  attacked  by  most  of  the  dilute 
acids,  but  dissolves  slowly  in  aqua  regia  and  readily  in  hydro- 
fluoric acid.  When  fused  with  potash  zirconia  and  potassium 
sulphide  are  formed. 


Fio.  168. 


Detection  and  Estislation  of  Zibconium. 


510  The  reactions  of  the  zirconium  salts  are  very  similar  to 
those  of  the  metals  contained  in  cerite  and  gadolinite.  A  re- 
action of  zirconium  by  which  it  is  distinguished  from  the  cerium 
metals  ia  the  formation  of  a  basic  potassium -zirconium  sulphate 
insoluble  in  water  and  hydrochloric  acid.  This  salt  is  obtained 
by  adding  a  hot  solution  of  potassium  sulphate  to  a  concentrated 
solution  of  a  zirconium  salt.  This  reaction  also  serves  to 
separate  zirconium  from  titanium,  tantalum,  and  niobium. 
Another  method  of  separating  zirconium  from  the  metals  of  the 
cerium  and  iron  groups  is  to  boil  the  solution  with  sodium 
*  Oicm.  Newt,  xxi.  73. 
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tLiosulpliate,  when  zirconium  alone  is  precipitated  as  the  tliiosnl- 
phate ;  this  on  washing  and  heating  leaves  a  residue  of  zirconia. 

Titanic  acid  and  thoria  are  also  precipitated  together  with  the 
zircoiiia  by  sodium  thiosulphate.  In  order  to  separate  these, 
oxalate  of  ammonia  is  added  to  the  hydrochloric  acid  solution 
when  the  thoria  is  thrown  down.  Carbonate  of  ammonia  is  now 
added  to  the  filtered  liquid  when,  in  the  presence  of  the  oxalate 
only,  titanic  acid  is  precipitated,  the  zirconia  remaining  in  solo- 
tion  (Hermann),  According  to  Franz  and  Streit,  zirconia  can 
be  separated  from  titanic  acid  by  boiling  with  acetic  acid  ;  all 
the  titanium  is  precipitated,  the  zirconia  and  iron  remaining  ia 
solution. 

The  spectrum  of  zirconium  contains  the  following  character- 
istic lines  (Thalen) : 

6127  in  the  red. 

4815,  4771,  4738,  4709,  4686  in  the  blue. 

The  atomic  wci'jht  of  zirconium  has  not  yet  been  determine 
with  accuracy.  The  analysis  of  the  sulphate  led  Berzelius'  to 
the  number  89'2,  whilst  from  analyses  of  the  chloride  Hermann  - 
obtained  the  number  88  8.  On  the  other  hand,  according  to 
Merignac  and  Deville,'  the  above  number  is  somewhat  too 
low,  the  true  atomic  weight  approaching  more  nearly  to  90, 
which  is  therefore  taken  as  the  atomic  weight  of  zirconium. 


4 


THORIUM  =  231  5. 

511  In  the  year  1815  Berzelius  believed  that  he  had  found  a 
new  earth  in  several  Swedish  minerals,  to  which  he  gave  the 
name  of  thoria,  but  on  further  examination  the  substance  turned 
out  to  be  basic  phosjihate  of  yttrium.  On  the  other  hand,  in 
1828,*  he  discovered  a  distinct  earth  in  a  mineral  from  the  island 
of  Lovon,  in  Norway,  now  termed  thorite,  and  to  this  the  name 
of  thoria  was  given,  as  it  agreed  in  many  of  its  properties  with  the 
substance  previously  so  named.  Desides  being  found  in  thorite, 
this  substance  was  discovered  in  other  rare  minerals ;  thus  by 
Wiihler  in  pyrochlor,  by  Karsten  in  monazite,  and  by  Bergmann 
and  otliers  in  orangeite.    Another  source  of  thoria  is  the  mincnd 


'  Png^.  Jnn.  iv.  121,  and  viii.  186. 
»  Ann.  Chim.  P.'iyn.  [3],  Ix.  263. 


'  Jmim.  Pract.  Chrm.  xxxi.  77. 
♦  Poyg.  Ann.  xri,  886, 
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euxinite  from  Arendal,  in  which  this  earth  was  discovered  by 
Mosander  and  Chydenius. 

The  following  table  gives  the  composition  of  some  of  these 
minerala : 


Thorite  from  Lovoa. 

OraDgcitc  from 
Laogciandfionl, 

Monuzite  from 
llmengcbirge. 

SiO,    19-31 

SiO,    17-76 

P,05      28-50 

ThO,  58-91 

ThOj   73-80 

ThOj     17-95 

UO,      1-64 

PbO       118 

SnO,       2-10 

TejO,    3-46 

CaO       1-08 

Ce„0,    2C-00 

Mn,0,  2-43 

HjO      6-43 

LiuO,    23-40 

rinO       *>•(>•? 

MnO        1-8G 
CiiO         1-68 

MgO      0-36 

100-27 

K,0      015 

Na,0     Oil 

101 -49 

PhU      0-82 

SnO,     001 

AljO,    006 

H,0      966 

99-54 


H-wl 
la, 

^iiei 
■  dec 


Thorium  also  occurs  in  other  minerals  containing  the  metals 
of  the  cerium  group,  as  gadoliuite  and  orthite.  In  one  of  these 
minerals  Bahr  believed  he  had  found  another  new  metal  to 
which  he  gave  the  name  wasium,  but  he  afterwards  convinced 
himself  that  this  substance  is  identical  with  thorium.' 

Metallic  Tlwritim  is  obtained  by  heating  the  chloride  -with 

itassium  or  sodium.  Thus  prepared  it  forms  a  grey  powder 
-which  assumes  an  iron-grey  lustre  under  the  buruislier.  It  has 
a  specific  gravity  of  from  7659  to  7.795,  and  takes  fire  when 
.heated  in  the  air,  burning  with  a  bright  flame;  it  does  not 
decompose  even  in  boiling  water,  dissolves  with  difficulty  in 
hydrochloric  acid,  and  is  not  attacked  by  aqueous  alkalis,  but  is 
readily  soluble  in  nitric  acid. 

51a  Tliorium  Oxulc  or  ThoHa,  ThOj,  is  obtained  from  thorite 
or  orangeite  by  heating  tlie  finely-powdered  miueral  with  hydro- 
chloric acid,  evaporating  the  solution  to  dryness,  moistening  the 
dry  residue  with  hydrochloric  acid  and  lixiviating  ^vith  hot  water. 
The  solution  is  then  treated  with  sulphuretted  hydrogen,  the 
liquid  filtered  from  the  precipitated  sulphides,  and  the  filtrate 

>  Ann.  Chan.  Pharm.  cuxii.  227 
100 
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precipitated  with  ammonia.  The  precipitat«  is  next  dissolved  in 
the  smallest  quantity  of  hydrochloric  acid,  and  the  solution 
mixed  with  a  solution  of  potassium  sulphate.  The  insoluble 
potassium  thorium  sulphate,  which  separates  out,  is  dissolved  in 
hot  water,  and  the  hydroxide  precipitated  as  a  gelatinous  mass 
by  ammonia.  On  drying  at  100°  this  possesses  the  composi- 
tion Th(OH)^,  and  on  ignition  leaves  a  residue  of  the  dioxida 
Tlie  latter  can  be  obtained  in  quadratic  crystals  isomoTphous 
with  cassiterite  and  rutile  by  heating  the  amorphous  powder 
with  borax  in  a  porcelain  furnace.  Tliese  possess  a  specific 
gravity  of  92,  and  only  dissolve  in  concentrated  sulphuric  acid 
after  long  boiling. 

Mda-lhorium  OxuU.  This  is  obtained  by  igniting  the  oxalate, 
and  its  peculiar  deportment  with  volatile  acids  explains  the 
fact  that  Bahr  believed  this  to  be  the  oxide  of  a  new  metal  If  it 
be  treated  with  hydrochloric  acid  or  nitric  acid  no  apparent  action 
takes  place,  but  if  an  excess  of  acid  be  evaporated  on  the  water- 
bath,  a  brownish  semi-transparent  residue  is  left,  and  this  dis- 
solves in  water  to  form  a  translucent  opalescent  liquid  which 
appears  milk-white  in  reflected  light,  and  from  which  a  small 
qxiantity  of  nitric  or  hydrochloric  acid  precipitates  the  oxide. 
If  the  solution  be  precipitated  with  ammonia  and  tlie  precipitate 
dried  at  100°,  a  compound  liaving  the  composition  Th^Oj(OIl) 
is  obtained  and  this  is  insoluble  in  acids.^ 


THE  SALTS  OF  THORIUM 

513  Are  colourless,  and  those  which  are  soluble  possess  a 
strongly  astringent  taste. 

Thorium  Chloride,  ThC\.  This  is  obtained  by  heating  the 
o.xide  mixed  Avith  carbon  in  a  current  of  chlorine.  It  fonus  a 
slightly  volatile  mass  which  sublimes  in  white  shining  tables. 
It  deliquesces  on  exposure,  and  its  solution  may  be  obtained  by 
dissolving  the  hydroxide  in  hydroclJoric  acid.  The  strongly 
concentrated  solution  solidifies  to  a  fibrous  crystalline  mnss, 
which  on  heating  emits  hydrochloric  acid.  It  forms  witli  the 
chlorides  of  the  alkali  metals  easily  soluble  double  salts,  as 
KCl-t-2ThCl«  +  18H,0. 

Uiorium  Fhwride,  ThF^  is  obtained  in  the  form  of  a  heavy 
white  insoluble  powder  by  dissolving  the  hydroxide  in  hydro- 
'  CTevc,  Bull.  Soc.  Chim.  N.S.  rxL  115. 
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iuoric  acid  and  evaporating  to  dryness.     If  a  solution  of  a 
loriuin  salt  be  precipitated  by  a  soluble  fluoride,  a  gelatinous 
~precij)itate  of  ThF^  +  4H,0  is  thrown  down. 

Fotassivm  Thorofiuoridc,  KjjThFy+4H.jO,  is  obtained  by  boiling 
he  hydroxide  witli  potassium  fluoride  and  hydrofluoric  acid,  in 
le  form  of  a  heavy  black  powder.  When  a  solution  of  the 
chloride  is  precipitated  with  acid  potassium  fluoride  the  com- 
pound K.^TliF^  +  4ThF^  -f-HjO  is  thrown  down. 

Thorium  Suli^hatc,  T\\{?>0^^,  is  obtained  by  dissolving  the 
oxide  in  hot  concentrated  sulphuric  acid,  or  by  rubbing  up 
powdered  thorite  or  orangeite  to  a  paste  with  sulphuric  acid,  and 
iting  the  mixture  to  500°  imtil  :dl  the  excess  of  sulphuric 
is  driven  oft".  Tlie  moss  is  tlien  treated  with  cold  water 
and  boiled,  when  a  crystalline  precipitate  of  2  Tb(SOJj  +  9H30 
as,  and  this  may  be  puritie<l  by  repeated  solution  in  cold 
and  reprecipitation  on  boiling.  If  the  solution  be  allowed 
to  evaporat*  at  the  ordinary  temperature,  transparent  monoclinic 
rstals  of  Th(SO,)j  +  flHj!)  are  deposited.  Thorium  sulphate 
ai8  double  salts  with  the  sulphates  of  the  alkali  metals. 
*(SO«)j  +  IVjSO^  +  HjO  crystallizes  in  four-sided  prisms,  which 
easily  soluble  in  water,  but  do  not  dissolve  in  a  solution  of 
stassiuui  sidphate. 
Thorium  Nitrate,  ThCNOj)^  -1-  12HgO,  is  a  very  soluble  salt, 
crystallizing  in  large  tables. 

The  jilwsjihate  is  a  precipitate  insoluble  both  in  water  and 
phosphoric  acid. 

Tliovitim  Sulphide,  TiiS^.  The  metal  burns  in  sulphur  vapour 
with  great  brilliancy,  forming  a  yellow  powder,  which  exhibits 
a  metaJlic  lustre  under  the  burnisher  (Berzelius).  "When  the 
tide  is  heated  in  a  current  of  hydrogen  and  carbon  di.*ulphide 
ijiour,  the  sulphide  is  obtained  as  a  black  mass,  which  on 
rubbing  assumes  a  metallic  lustre.  It  is  insoluble  in  hydro- 
iloric  acid,  is  only  slowly  attacked  by  nitric  acid,  but  dissolves 
sily  in  acj^ua  regia  (Chydenius). 


Detection  and  Estimation  op  TuoKroM. 

514  Tlie  compounds  of  this  metal  give  no  characteristic  blow- 
pipe- or  flame-reaction.    The  alkalis  and  ammonium  sulphide  pre- 
cipitate from  its  solutions  the  hydroxide  insoluble  in  excess,  and 
be  carbonates  give  rise  to  a  precipitate  of  a  basic  carbonate, 
rhich  dissolves  in  an  excess  of  the  reagent.     Ammonia  produces 
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no  precipitate  in  this  solution  as  it  does  in  the  corresponding 
one  containing  zirconium.  Another  characteristic  property  of 
thoriiun  is  its  reaction  with  potassium  sulphate,  and  especially 
the  fact  that  the  thiosulphate  is  thrown  down  from  thorium 
solutions  on  addition  of  potassium  thiosulphate,  a  reaction  by 
which  this  metal  may  be  separated  from  the  metals  of  the 
cerium  group.  In  order  to  separate  it  from  titanium,  niobium 
and  tantalum,  ammonium  oxalate  is  added  to  the  solution, 
when  the  thorium  alone  is  precipitated.  Thorium  can  be  sepa- 
rated from  zirconium  by  throwing  down  both  metals  as  oxalates 
by  ammonium  oxalate,  and  then  adding  an  excess  of  oxalic  acid 
when  the  zirconium  oxalate  dissolves  completely,  leaving  behind 
the  oxalate  of  thorium.  Thorium  is  determincc*  quantitatively 
as  the  oxide  obtained  by  igniting  the  precipitated  hydroxide.       ■ 

The  atomic  weight  of  thorium  has  been  determined  by  several 
chemists  without  concordant  results.  Thus  Berzelius^  makes 
it  236-7,  whilst  Delafontaine*  finds  the  number  230-9  as  the 
mean  of  several  well-agreeing  analyses  of  the  sulphate.  Cleve, 
by  the  same  method,  obtained  the  number  233'2,  whilst  analyses 
of  the  oxalate  yielded  him  the  number  2334 


1  Pogg.  Ann,  rvi.  385. 


■  N.  Arch.  Ph.  Nat.  zriiL  843. 


METALS  OF  THE  ANTmONY  GROUP. 

Vanadium.         Tantalum. 
Antimony.         Niobium. 
Bismuth. 

515  Ttie  members  of  this  group  of  metals  are  closely  con- 
nected with  the  elements  of  the  Nitrogen  Group,  resembling 
these  especially  in  their  power  of  giving  rise  to  acid-forming 
pentoxides. 


VANADIUM,  V=5ia. 


In  1801,  Del  Rio  pointed  out  the  existence  of  a  new  metal  in 
lead  ore  found  at  Zimapan,  in  Mexico,'  and  gave  to  it  the 
»me  Erythronium,  from  the  fact  that  its  salts  became  red  when 
with  acids.      In  1805,  Collet-Descotils   expressed  his 
Opinion  that  tliis  supposed  new  metal  was  an  impure  oxide  of 
chromium,  and  Del  Eio  accepted  tliis  couclusiou  as  correct.     In 
1830,  Sefstrbm  '  descriljed  a  new  metal  which  he  found  in  the 
^■pelebrated  iron  of  Taberg,  and  for  this  he  proposed  the  name 
^Bf  Vanadiiun,  from   Va/uidvi,  a  cognomen  of  the  Scamlinavian 
Hpoddess  Freia.  Whilst  in  the  same  year  Wohler  *  showed  that  Del 
^^io's  discovery  was  a  true  one,  and  that  the  Zimapan  ore  is  a 
vanadate  of  lead.     Unable  to  carry  out  the  further  investiga- 
tion of  the  new  metal,  Sefstrom  handed  the  materials,  amouut- 
bMDg  only  to  a  few  grams,  to  Eerzelius,  and  in  1831  .this  chemist* 
^Bublished  the   results  of  an    exhaustive   investigation  on  the 
^Hnbject,  describing  a  large  number  of  vanadium  compounds,  and 
^^ame  to  the  conclusion  that  vanadium  closely  resembles  chro- 
mium and  molybdenum,  yielding,  like  these  metals,  an  acid- 


>  OUhm'f  Ann.  Ixxi.  7. 
•  Pogg.  Ann,  xxii.  1. 


'  Pogq.  Ann.  xii.  48. 
*  Ibid.  xxii.  1. 
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forming  trioxide.  This  view  was  universally  adopted  until  th« 
year  1867,  when  Eoscoe  showed  that  the  substance  supposed  by 
Berzelius  to  be  vanadium 'was,  according  to  the  mode  of  its 
preparation,  either  an  oxide  or  a  nitride ;  that  the  volatile  tri-  j 
chloride  of  Berzelius  contains  oxygen,  and  possesses  a  composi-  ■ 
tion  analogous  to  phosphorus  oxychloride  ;  and  that  the  metal, 
instead  of  belonging,  as  was  supposed,  to  the  chromium  group, 
is  a  member  of  the  antimony  group  and  intimately  connected 
with  the  nitrogen,  phosphorus,  and  arsenic  family. 

Vanadium  is  an  extremely  rare  substance,  forming  an 
essential  constituent  of  only  a  few  scarce  minerals.  Traces  of 
this  element  are,  however,  tolerably  wi<lely  distributed  through- 
out terrestrial  matter,  and  it  exists  in  the  sua 

The  principal  vanadium  minerals  are  vanadinite,  or  lead 
vanadate,  SPb^CVOj,  +  PbClg ;  dechenite,  (PbZn)f VO,), ;  de- 
scloizite,  PbjVjOj;  pucherite,  I5iV0^ ;  psittacinite,  (PbCu),(VO^, 
+  3Cu(0H)j  +  6HjO ;  volborthite,  (CuCa)3CV0Jj  +  HjO ;  roscoe- 
lite,  4A1V0,  4  K^Si^O.^  4-  H^O  ;  mottramite,  (PbCu),rVO,)j  + 
2(PbCu)(OH)2.  Mottramite  has  lately  l.teen  found  iu  tolerable 
quantity  in  the  copper-bearing  beds  of  the  Keuper,  worked  at 
Alderley  Edge  and  Mottram  St.  ^\jidrews  in  Cheshire,  and  it  is 
from  this  source  that  the  vanadic  acid  of  commerce  is  obtained, 
it  being  manufactured  on  the  large  scale  by  the  Magnesium 
Metal  Company  at  Patricroft  near  Manchester.  Traces  of  vana- 
dium have  also  been  found  in  a  large  number  of  clays,  in  trap 
and  basalt,  in  certain  iron  ores  and  cast-iron,  and  also  in  soda- 
ash,  as  well  as  in  phosphate  of  soda,  the  latter  in  one  instance 
containing  as  much  as  0'2  per  cent. 

Extraction  ami  Preparation,  of  tJu:  Vanadium  Comjwunds. 
The  methods  adopted  for  the  preparation  of  vanadium  from 
its  various  sources  depend  upon  the  fact,  discoveretl  by  Sefstrom, 
of  the  existence  of  an  insoluble  ammonium  metavanadate, 
which  by  repeated  crjstallization  can  be  obtained  free  from 
phosphorus  and  other  impui'ities. 

In  order  to  prepare  vanadium  salts  from  mottramite,  the 
keuper-sandstone,  which  contains  the  mineral  deposited  as 
a  film  on  the  surface  of  the  grains  of  sand,  is  digested  with 
strong  hydrochloric  acid,  the  acid  liquor  drawn  ofl"  and  the 
sand  well  washed  with  water.  The  acid  solution,  together  with 
the  washings,  after  concentration,  is  evaporated  down  with  H 
an  excess  of  sal-ammoniac,  when  metavanadate  of  ammonia 
separates  out,  and  this  is  repeatedly  crystallized  to  free  it  from 
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copper  and  iron.  The  crude  ammonium  metavanadate  is  then 
gently  roasted  in  porcelain,  by  which  means  the  vanadium  pen- 
toxide  is  obtained  in  a  tolerably  pure  condition.  In  order  to 
purify  this  it  is  suspended  in  water  and  ammonia  gas  passed  into 
the  liquid.  A  solution  of  ammonium  vanadate  is  thus  formed 
and  separated  by  filtration  from  the  residue  containing  silica, 
phosphates,  &c.,  and  then  crystallized  by  evaporation  in  plati- 
num ;  the  pentoxide  obtained  by  several  repetitions  of  this 
treatment  is  free  from  phosphorus. 

Another  method  for  obtaining  vanadium  pentoxide  consists  in 
the  preparation  of  the  pure  oxychloritle,  which,  when  decom- 
jsed    by   water,   yields   the   acid    as  a  fine   orange-coloui'ed 
jowder.      In  order  to  free  this  from  any  trace  of  obstinately 
adhering  silica,  it  is  moistened  with  sulphuric  acid  and  exposed 
in  a  platinum  vessel  for  some  days  to  the  action  of   hydro- 
fluoric acid.     After  expulsion  of  sulphuric  acid  and  fusion,  fine 
ge  transparent  crystals  of  chemically  pure  vanadium  pent- 
*  oxide  are  obtained. 

516  Metallic  Vanadium. — Berzelius  obtained  brilliant  metallic 
scales  by  heating  the  oxytrichloride  in  an  atmosphere  of  ammonia. 
These  do  not,  however,  consist  of  metallic  vanadium,  but  of 
inadium  nitride.  The  only  method  which  has  been  found 
possible  for  obtaining  metallic  vanadium  is  tlie  reduction  of  the 
dichloride  in  perfectly  pure  hydrogen.  Although  this  process 
'  appears  simple  enough,  there  is  no  metal  more  difficult  to  prepare 
than  vanadium.  This  arises  from  the  fact  that  whilst  vanadium 
18  stable  at  the  ordinary  atmospheric  temperatures,  it  absorbs 
oxygen  at  a  red-heat  with  the  greatest  aviditj-,  so  tliat  every 
trace  of  air  or  moisture  must  be  excluded  during  it.s  preparation, 
iforeover,  the  dichloride  itself  cannot  be  readily  obtained  in 
quantity. 

For  the  purpose  of  reducing  the  metal  the  apparatus  shoAvn 
1^^  Fig.  167  is  employed.     It  consists  of  a  hydrogen   generator 
^Ha)    yielding  a  stream  of  hydrogen  which   can   be   kept  con- 
^Btantly  passing   tlirough  the  wash-bottles,  day  and   night   for 
^^  week  at  a  time,  by  occasionally  adding  fresh  acid  to   the 
upper  bottle  and  drawing  off  the  zinc  sulphate  solution  from 
the  lower  bottle  by  the  caoutchouc  tubing.     Tlie  first  wash- 
bottle  contains  a  solution  of  lead  acetate,  the  second  one  of 
silver   nitrate,  and  the  tiiree  others   contain  boiled  sulphuric 
acid.     In  order  to  remove  any  trace  of  oxygen  which  may  have 
accompanied  the  hydrogen,  arising  either  from  diffusion  or  from 
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air  absorbed  in  the  dilute  acid  used,  a  tube  (c  d)  is  attached  to 
the  last  washing-bottle  ;  the  first  portion  of  this  tube  contains  3 
quantity  of  platinum  sponge  (c)  which  is  heated  to  redness 
during  the  whole  time  the  hydrogen  is  passing  through  the 


apparatus,  whilst  the  further  portion  of  the  tube  (d)  is  filled 
ivith  phosphorus  peutoxide  and  plugs  of  cotton-wool.  Tlie 
greatest  care  must  be  taken  to  have  all  caoutchouc  stoppers  and 
joints  made  as  tight  as  possible  with  copper-wire  and  paraffin. 
At  right  angles  to  the  drying  tube  (c  d)  is  placed  the  reducing 


METALLIC  VANADIUiL 


281 


*': 


arrangement  shown  in  the  lower  part  of  the  drawing.  This 
consists  of  a  porcelain  tube  (E  e')  placed  in  a  Hofmann's  furnace 
and  protected  in  the  centred  portions,  where  it  is  heated,  by  an 
outer  casing  of  sheet-iron.  The  porcelain  tube  is  connected 
with  the  hydrogen  apparatus  by  means  of  the  wide  glass  tube 
(f  f  )  provided  with  the  tubidus  (g)  and  narrowed  down  to  join 
the  drying  tube  at  f'.  The  joint  between  the  porcelain  and 
glass  tubes  is  made  of  seamless  caoutchouc,  well  wired  and 
covered  by  an  outer  short  glass  cylinder,  the  space  between  the 
tubes  and  the  cylinder  being  filled  either  with  mercuiy  or  fused 
paraffin,  and  a  similar  joint  is  placed  at  the  further  end  of  the 
porcelain  tube. 

The  introduction  of  the  anhydrous  dichloride  without  ex- 
posure to  the  air  is  effected  by  means  of  the  tubulus  (a),  the 
dichloride  being  contained  in  the  bent  tube  (it)  in  wluch  it  was 
prepared  and  sealed  up  in  hydrogen.  After  the  whole  aiTange- 
ment  has  been  set  up,  the  platinum  boat  being  in  position,  as 
shown  in  the  figure,  hydrogen  is  allowed  to  pass  through  the 
apparatus  for  twelve  hours  to  dry  it  completely  and  clear  out 
the  air ;  the  caoutchouc  stopper  of  the  tubulus  is  then  withdrawn 
and  the  end  of  the  tube  containing  the  dichloride  cut  off",  and  the 
tube  and  stopper  quickly  replaced,  so  that  the  crystals  lie  in  the 
horizontal  portions  of  the  tube.  The  bent  tube  is  next  so 
turned  in  the  stopper  that  the  crystals  of  dichloride  fall  out  and 
are  collected  in  the  platinum  boat  placed  below.  Tliis  boat, 
charged  with  dichloride,  is  then  drawn  into  the  centre  of  the 
porcelain  tube  by  means  of  tlie  platinum  wire,  the  end  of  which 
(w)  passes  tightly  through  a  small  hole  in  the  caoutchouc  tube  at 
the  end  of  the  apparatus.  As  soon  as  the  boat  is  in  position,  the 
wire  is  cut  off  short  at  the  end  of  the  glass  tube,  a  proper  joint 
made,  and  an  exit  tube  attached  dipping  under  sulphuric  acid. 

Before  the  porcelain  tube  is  heated,  the  caoutchouc  stopper  of 
the  tubulus  is  surrounded  by  a  bath  of  paraffin,  and  the  hydrogen 
is  allowed  to  bubble  through  for  six  houre.  The  temperature 
of  the  porcelain  tube  is  then  gradually  raised  to  the  highest 
foint  (a  bright  red-heat),  which  the  Hofmann's  furnace  will  yield, 
and  kept  constant  until  the  reduction  is  complete.  Ton-ents 
f  hydrochloric  acid  gas  at  once  come  off,  aud  the  process  must 
he  continued  for  some  hours  after  the  last  trace  of  acid  can  be 
detected  in  the  hydrogen.  The  process  lasts  from  forty  to  eighty 
hours,  according  as  the  quantity  of  dichloride  employed  varies 
from  1  to  3  or  4  grams. 
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Metallic  vanadium  prepared  by  reduction  from  tlie  dicbloride 
in  hydrogen  is  a  light,  whitish-gray  coloured  powder,  which 
under  the  microscope  reflects  light  most  powerfully,  and  apjiears 
as  a  brilliant  crystalline  metallic  mass  possessing  a  silver-wjiite 
lustre.    Vanadium  thus  prepared  oxidizes  but  slowly   in   the 
air,  nor  does  it  decompose  water   at   the   ordinary   tempera- 
ture, and  it  may  be  moistened  and  again  dried  in  a  vacuum 
several  times  witliout  gaining  in  weight.    Vanadium  is  neither 
volatile  nor  fusible  when  heated  to  redness  in  hydrogen,     \7hen 
tlie  powdered  metil  is  thrown  into  a  flame,  or  rapidly  heated  in 
an  ejccess  of  oxygen,  it  bums  with  brilliant  scintillations.     The 
specific  gravity  of  vanadium  at  15°  is  5  5.     Tlie  metal  is  not 
attacked  by   hydrochloric   acid  either  when  cold  or  hot,  and 
neither  strong  nor  dilute  sulphuric   acid  act  upon  the  metal 
in  the  cold,  but  wlien  heated  with  the  strong  acid  the  metal 
slowly  dissolves,  giving  a  greenish-yellow  solution.      Hydro- 
fluoric   acid  dissolves    the    metal    slowly   with    evolution  of 
hydrogen  and  formation  of  a  green  solution,  whilst  nitric  acid 
of  all  strongths  oxidizes    it   with    violence,   evolving  nitrous 
fumes  and  forming  a  blue  liquid.     Both  hot  and  cold  solutions 
of  caustic  soda  are  without  action  on  the  metal,  but  when  fu.5ed 
with    tlie    hydroxide,    hydrogen    is    evolved  and    a   vanadate 
formed. 

When  heatefl  in  an  atmosphere  of  pure  nitrogen,  metallic 
vanadium  at  once  absorbs  this  gas  and  is  converted  into  the 
mononitride  (Roscoe).     It  also  forms  an  alloy  with  platinimi. 
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517  Vanadium  forms  five  compounds  with  oxygen,  analogous 
to  the  oxides  of  nitrogen,  namely : 


Vanadium  monoxide 

Vanadium  dioxide,  or  hypovanadious  o.xide 
Vanadium  trioxide,  or  vauadious  oxide    .     . 
Vanadium  tetroxide,  or  hypovanadic  oxide  . 
A'anadium  pentoxide,  or  vanadic  oxide     .     . 


V,0. 

v,o,. 
v,o,. 
v,o.. 


All  these  oxides  form  salts,  the  three  first  acting  as  basic  oxides, 
the  two  highest  acting  as  acid-forming  oxides.  Of  these  the  last 
oxide  is  the  most  important,  and  it  and  its  compounds  will  there- 
fore be  first  described. 
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Vanadium  Pcntot-ide,  VjOf,.     The  preparation  of  this  oxide 
from  mottramite  has  already  been  desciibed.     In  tlie  pure  state 

lit  is  best  prepared  by  decomposing  the  oxycliloride,  VOClj, 
y*y  water  and  fusing  the  residue.  Vanadium  pentoxide  crys- 
tallizes in  splendid  yellowish-red  rhombic  prisms  (Xordeuskiold), 
which  have  a  specific  gravity  of  3'35  (J.  J.  Watts),  and  dissolve 
in  about  1,000  times  their  weight  of  water,  giving  a  yellowish 
solution,   which   does   not  possess   any   taste   but    turns   blue 

jlitmus-paper  red.  Vanadium  pentoxide  fuses  without  decom- 
position in  absence  of  organic  reducing  matter  to  a  red  liquid, 
which  on  cooling  yields  brilliant  transparent  reddisb-yellow 
needles,  and  at  the  moment  of  crystallization  exhibits  the 
phenomenon   of  incandescence. 

Vanadyl  Salts.     Vanadium  pentoxide  acts  as  a  weak  basic 

loxide  as  well  as  an  acid-forming  oxide.  Thus  it  dissolves  in 
Btrong  acids,  forming  red  or  yellow  solutions  yielding  crystalline 
compounds,  which  separate  out  on  spontaneous  evaporation  or 
cooling.  These  are  termed  the  vanadyl  salts,  as  they  contain 
the  triad  radical  vanadyl  VO. 

Vanadyl  chloride,  VOC'l^,  is  a  yellow  volatile  liquid,  which 
will  be  hereafter  described.  No  pentachloride  of  vanadium 
ia  known. 

Normal  Vanadyl  Sulphate,  (VO),(SO^)j,  is  obtained,  according 

Ito  Berzelius,  by  dissolving  the  pentoxide  in  hot  sulphuric  acid 

'which  has  been  diluted  with  half  its  weight  of  water.  On  evapo- 
rating at  a  low  temperature  the  salt  crystallizes  out  in  reddish- 
brown,  very  deliquescent  scales.  The  same  compound  is  obtained 
in  ruby-red  octohedrons  by  boihng  the  pentoxide  with  an  excess 
of  sulphuric  acid.  When  these  are  heated  to  the  melting-point 
of  lead  the   basic  salt  (VO)jO(SO,).2  remains  as  a  red  mass 

,  exhibiting  small  bright  crystalline  faces. 

If  the  pentoxide  be  dissolved  in  concentrated  sulphuric  acid 

"and  the  solution  evaporated,  the  basic  salt  VO(OH)SO^  is 
formed '    as   a  sandy   reddish-yellow   powder.      According   to 

JGerland  this  is  identical  with  the  preceding  compound. 

When  potassium  vanadate  is  dissolved  in  strong  sulphuric 

^acid  and  the  excess  of  acid  driven  ofl"  by  heat,  the  double  salt 
tjSOi  -J-  (VO)j(SO,),  is  obtained  as  a  yellow  crystalUue  powder 

'  (Berzelius). 

•  GerlEUid,  Ber.  DeutKh.  Clum.  Oct.  li.  98. 
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518  Normal  Vanadic  Acid,  HjVO^  is  not  known. 
Meiavanadic  Acid,  HVO^,  was  discovered  by  Gerland.' 

forms  a  fine  yellow  pigment,  sometimes  termed  vanadium  bronze; 
and  is  employed  in  place  of  gold  bronze.  It  is  obtained  in  the 
form  of  brilliant  scales  of  a  golden  or  orange  colour  by  boiling 
aqueous  sulphurous  acid  with  copper  vanadate,  prepared  by  the 
double  decomposition  of  ammonium  metavanadate  and  copper 
sulphate.  On  boiling  this  salt  for  a  long  time  ■with  sulphurous 
acid  a  mLxture  of  brown  and  orange-yellow  crystals  is  obtained, 
and  on  continuing  the  ebullition  with  more  sulphurous  acid,  the 
brown  crystals  dissolve,  the  yellow  metavanadic  acid  being 
insoluble. 

Vanadium  bronze  may  also  be  prepared  by  adding  a  solution 
of  ammonium  vanadate  to  one  of  copper  sulphate  containing 
excess  of  sal-ammoniac  until  a  permanent  precipitate  is  formed, 
and  then  gently  heating  to  75°,  when  the  yellow  scales  are 
slowly  deposited,  and  after  a  lapse  of  a  few  hours  neai-ly  the 
whole  of  the  vanadium  is  precipitated.  The  larger  the  quantity 
of  material  employed  and  the  slower  the  action  takes  place,  the 
finer  is  the  colour  of  the  bronze.* 

If  the  freshly  prepared  solution  of  copper  vanadate  be  quickly 
evaporated  in  a  flat  dish,  a  crystalline  residue  is  obtained  which 
is  soluble  in  water,  and  when  tliis  solution  is  dialyzed  for  some 
days  a  clear  solution  of  pure  vanadic  acid  is  obtained  whicli 
remains  clear  when  heated,  and  deposits  the  red  amorphous 
pentoxide  on  evaporation. 

Pyrovanculic  Acid,  H^VjO^,  is  a  brown  precipitate  closely 
resembling  ferric  hydrate,  obtained  by  treating  a  solution  of  an 
acid  vanadate  with  nitric  acid.  When  air-dried  it  possesses  the 
above  composition.  It  is  however  unstable  and  loses  half  its 
water  when  dried  over  sulphuric  acid  (v.  Hauer). 

519  Tlic  Vanadates.  Inasmuch  as  Berzelius  thought  th.it  vana- 
dium dio.vide  was  the  metal,  and,  therefore,  considered  the  highest 
o.\ide  to  be  a  trio.vide,  he  likewise  assumed  tliat  the  vanadates 
corresponded  to  the  chromates.  In  addition  to  the  so-called 
normal  salts  examined  by  him,  two  other  series  were  described 

"  Proc.  Manch.  Lit.  an'!  PkiL  Soc.,  1878,  p.  60. 
*  Ber.  DeuUch.  Chem.  Ga.  ix.  87*. 
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by  V.  Hauer,*  which,  appearing  to  correspond  to  the  dichromates 
and  trichromates,  received  names  analogous  to  these.  After 
the  true  formula  of  the  highest  oxide  of  vanadium  had  been 
ascertained  to  be  V^Oj,  it  was  evident  that  the  so-called  normal 
vanadates  corresponded  to  the  metaphosphates,  and  it  was  found 
possible  to  prepare  both  the  ortho-  and  pyro-vanadates  analogous 
to  the  corresponding  phosphates,  v.  Hauefs  salts  becoming  the 
tetra-  and  hex-vanadates.    Thus  we  have : 

(1)  Sodium  Metavanadate NaVOj. 

(2)  Sodium  Orthovauadate NajVO^. 

(3)  Sodium  Pyrovanadate KajV^O^. 

(4)  Sodium  Tetravanadate .....  NagV^O,i. 

(5)  Sodium  Hexvanadate NajVjOjg. 

Other  polyvanadates  of  more  complicated  composition  have 
also  been  described.^ 

Although  the  first  three  classes  of  vanadates  correspond  in 
composition  to  the  phosphates,  the  order  of  stability  of  the 
soluble  vanadates  in  aqueous  solution  differs  remarkably  from 
that  of  the  pliosphates,  the  metavanadates  being  the  most  stable 
and  the  orthovanadates  being  the  least  stable ;  whereas  in  the 
phosphorus  series  the  order  of  stability  is  the  reverse  of  this. 
At  a  lugh  temperature,  on  the  other  hand,  the  orthovanadate  is 
the  most  stable,  being  formed  when  vanadium  pentoxide  is  fused 
with  an  alkaUne  carbonate,  the  nieta-salt  being  produced  when 
a  solution  of  an  alkaline  carbonate  is  boiled  with  vanadium 
pentoxide. 

The  reaction  which  serves  best  to  distinguish  the  ortho-  from 
the  meta-vanadates  is  the  colour  of  the  respective  copper  salts. 
Copper  orthovanadate  possesses  a  blue-green  colour,  whilst  the 
metavanadate  is  a  light-yellow  crystalline  powder. 

The  alkaline  pyrovanadates  are  soluble,  and  can  be  readfly 
obtained  by  fusing;  one  molecule  of  vanadium  pentoxide  with 
two  molecules  of  tlie  carbonate  of  an  alkali-metal  dissolving,  and 
crystallizing.  They  are  likewise  obtained  by  the  decomposition 
of  an  aqueous  solution  of  the  corresponding  orthovanadate. 
The  pyrovanadates  of  the  heavy  metals  are  usually  insoluble 
in  water,  and  possess  properties  generally  similar  to  those  of 
the  corresponding  orthovanadates. 

The  metavanadates  are  usually  yellow;  some  of  them,  ea- 

»  Jottm.  Prackt.  Chem.  Irix.  386,  IxxtL  168.   929,  Ixxx.  82*, 
*  Camelley,  Chtm.  Soc.  Joum.,  zzvi  823. 


pecially  those  of  the  alkaline  earths,  zinc,  cadmium,  and  lead, 
are  converted  into  colourless  isomeric  modifications,  either  in 
the  solid  state  under  water,  in  aqueous  solution,  and  especially  in 
the  presence  of  alkaline  carbonates.  The  metavanadates  of  llie 
alkali-nietals  are  colourless,  and  on  treatment  with  an  acid  give 
rise  to  anhydro-salts,  which  have  a  line  yellowish-red  colour. 
The  metavanadates  of  ammonium,  potassium,  sodium,  barium, 
and  lead,  are  but  sparingly  soluble  in  water.  The  other  meta- 
vanadates are  more  soluble.  The  following  are  the  properties  of 
the  most  important  members  of  these  three  classes  of  vanadates. 

520  Fo(aj>siiim  Mdavanadatc,  KVO,,  dissolves  slowly  in  cold 
and  readily  in  hot  water,  and  with  difficulty  in  caustic  potash. 
The  solution  on  evaporation  becomes  synipy,  and  this  dries  to  a 
white  earthy  mass,  which,  w^hen  heated,  fuses  to  a  yellow  liquid. 
When  it  is  boiled  with  water  and  vanadium  pentoxide,  or  fused 
with  the  latter,  potassium  tdravanadatc,  K^V^Oji  +  3HjO,  is 
obtained,  crystallizing  in  broad  reddish-yellow  tablets.  This  salt 
is  slightly  soluble  in  cold  and  very  easOy  soluble  in  hot  water. 
On  heating  it  first  loses  water,  becoming  of  a  dull-red  colour, 
and  then  melts  to  form  a  transparent  liquid,  which  solidifies  to 
a  yellow  mass. 

Sodium  Orthovanadate,  NajVO^+ IGH^O.  In  order  to  obtain 
this  salt  vanadium  pentoxide  and  carbonate  of  soda  are  fused 
together  in  the  proper  proportions.  Tlie  fused  mass  is  dissolved 
in  the  smallest  quantity  of  cold  water  and  a  layer  of  alcohol 
poured  on  it,  when,  after  several  hours'  standing,  the  salt  separ- 
ates out  in  colourless  needles.  It  has  a  strongly  alkaline  re- 
action, and  is  slowly  decomposed  by  water  in  the  cold,  and  more 
quickly  on  boiling  into  caustic  soda  and  sodium  pjTovanadate  : 

2Na3VO«  +  H„0  =  Na.VjOj  -t-  2NaOH. 

Sodium  Pi/rovanadatc,  Na^VgOj-J-lSHjO,  crystallizes  in  large 
six-sided  tables,  is  easily  soluble  in  water,  and  is  precipitated 
by  alcohol  from  its  aqueous  solution  in  pearly  scales.  It  is  best 
prepared  by  fusing  the  pentoxide  with  the  requisite  quantity  of 
carbonate  of  soda.  It  fuses  more  easily  than  the  orthovanadate 
and  is  first  formed  in  the  preparation  of  the  latter  salt.  If,  there- 
fore, the  temperature  employed  be  not  sufficiently  high  the  latter 
salt  crystallizes  out. 

Sodium  MctavanadcUe,  NaVOj,  resembles  the  potassium  salt, 
and  is  converted  in  a  similar  manner  into  soilinm  tdravanadaie 
NajV^Oji  -f-  OHjO,  crystallizing  in  beautiful  large   orange-red 
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crystals.  This  salt  is  only  sliglitly  soluble  in  water,  but  possesses 
such  powerful  colouring  properties  that  1  part  of  the  salt  is 
suflBcient  to  impart  a  yellow  tint  to  200,000  parts  of  water.  It 
effloresces  on  exposure  to  the  air,  becoming  of  a  reddish-brown 
tint,  and  melts  at  a  dark  red-heat,  solidifying  to  a  dark  red 
auioqihous  mass. 

Amiiuminm  Mdavanadate,  NH^VO,,  is  the  most  important 
vanadate.  It  is  obtained  by  dissolving  the  pento,\ide  in  an 
excess  of  ammonia  and  evaporating,  or  by  precipitating  with 
alcohol,  in  which  it  is  insoluble.  It  forms  coluurless  transparent 
crystalline  crusts,  and  is  insoluble  in  concentrated  solution  of 
sal-ammoniac,  and  accordingly  is  precipitated  when  a  lump  of 
sal-ammoniac  is  allowed  to  remain  in  a  solution  of  metavanadate 
or  pyrovanadate  : 

Na.V.Oj  -1-  4NH,C1  =  2NHjY03  -I-  2NH3  -|-  H„0  -|-  4XaCL 

The  solution  of  this  salt  becomes  of  a  deep  black  tint  when 
treated  with  tincture  of  galls,  and  Berzelius  originally  suggested 
the  use  of  this  liquid  as  an  ink.  This  ink  is,  however,  not 
permanent,  for  letters  thus  written  by  Berzelius  are  now  quite 
iUegible  (Wobler). 

Ammonium  Tetra vanadate,  (NHj)2V40j,  +  4H,0,  is  obtained 
by  addition  of  acetic  acid  to  a  boiling  solution  of  the  metavanadate 
until  the  precipitate  redissolves.  Tlie  salt  separates  out  from  the 
yellowish-red  liquid  on  cooling  in  large  tran.sparent  orange-red 
crj'stals.  If  it  be  recrystallized  from  water  containing  acetic 
acid,  splendid  red  crystals  of  the  ammonium  hexvanadaU 
(XH«)VoO,a-|-GHjO,  are  obtained. 

521  Calcium  Fyrovanadate,  2Ca5V20-  -|-  5HjO,  is  a  white  amor- 
phous precipitate  obtained  by  double  decomposition  of  the  cor- 
responding sodium  salt  with  calcium  chloride.  If  the  solution  of 
sodium  orthovauadate  be  precipitated  by  calcium  cliloride,  the 
same  salt  is  obtained  mixed  with  calcium  hydroxide,  the  ortho- 
vanadate  being  at  once  decomposed  according  to  the  equation  : 

CaaO'O,),  +  H,0  =  Ca^VjOj  +  Ca(OH)g. 

Lead  Orthmanadate,  Pbj(V0J2,  is  a  nearly  white  insoluble 
precipitate  obtained  by  adding  a  solution  of  acetate  of  lead  to 
one  of  sodium  orthovauadate.  This  salt  occurs  in  nature  com- 
bined with  lead  chloride  as  vanadinite,  3Pb,(V0Jj  +  PbClj  or 
Pb,(VO^)j  -h  Pbj(^^Ojf '1.  This  mineral  crystallizes  in  hexagonal 
prisms,  having  a  reddish-brown  colour,  and  being  isomorphous 
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•with  apatite.  It  has  a  specific  gravity  of  from  6*6  to  7"2,  and 
frequently  contains  some  phosphoric  acid.  It  iiras  found  bjr 
Del  Rio  in  Zimapan  in  ^lexico,  and  occurs  also  at  TJ>a/^hilla  in 
Scotland,  in  Carintliia,  and  in  the  Urals.  It  may  be  obtained 
artificially  by  fusing  together  lead  oxide,  vanadium  pentoxide, 
and  lead  chloride,  in  the  right  proportions.  The  fused  mass 
contains  druses,  in  •which  thin  needle-shaped  crystals  are  con- 
tained. K  boiled  with  water  it  falls  to  a  crystalline  powder 
consisting  of  microscopic  hexagonal  prisms,  possessing  the  waxy 
lustre  and  the  yellowish  colour  of  natural  vanadinite  and  having 
a  specific  gnfvity  of  67  (Roscoe). 

Lead  Pyrovanadate,  PbjVjOj,  is  found  in  South  America  as 
descloizite  in  rhombic  crystals,  which  have  an  orange-green  or 
black  colour,  a  bronze-like  lustre,  and  a  specific  gravity  of  5839. 
It  usually  contains  zinc,  iron,  manganese,  and  copper  as  im- 
purities. If  a  solution  of  sodium  p)Tt)vanadate  is  precipitated 
with  acetate  of  lead,  the  basic  salt  PbsV^Oij  is  thrown  down  as 
a  light-yellow  precipitate. 

Lead  Metaranadate,  Pb(VOj)j,  is  obtained  as  a  yellow  preci- 
pitate M'hen  a  solution  of  a  metavauadate  is  mixed  with  one  of 
lead  acetate.  The  mineral  dechenite  chiefly  consists  of  this 
compound,  a  portion  of  the  lead  however  being  usually  replaced 
by  zinc.  It  occurs  together  with  lead  ores,  forming  yellow, 
brown,  or  deep-red  reniform  masses,  having  a  specilio  gravity 
of  5-6  to5^8. 

Lead  Tctravanadatc,  PbjV^Oj,,  is  obtained  by  precipitating  the 
corresponding  potassium  salt  with  lead  nitrate,  in  the  form  of  a 
reddish-yellow  precipitate  slightly  soluble  in  water. 

Copper  Orthovanadate,  Cuj{VOJ,  +  H,0,  occurs  as  the  mineral 
volborthite,  in  which  a  part  of  the  copper  is  replaced  by  calcium ; 
it  crystallizes  in  small  yellow  or  green  hexagonal  tables,  having 
a  specific  gravity  of  3^55,  and  is  found  in  Thuringia  and  in  the 
Urals. 

Copper  Pyrovaivadate,  CujVjOj,  is  a  yellow  crystalline  precipi- 
tate, whilst  copper  mdavanadatc  is  an  apple-green  precipitate. 

Silver  Orthovanadate,  Ag^VO^,  is  obtained  by  precipitating  a 
freshly  prepared  solution  of  the  sodium  salt  with  silver  nitrate. 
It  is  a  deep  orange-red  coloured  precipitate,  which  is  easily 
soluble  in  nitric  acid  and  in  ammonia. 

Silver  Pyrovanadate,  Ag^VjOj,  is  a  heavy  yellow  powder. 

Silver  Metavanadate,  AgVOj,  forms  a  pale  yellow  gelatinous 
precipitate. 
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THE    LOWER   OXIDES    OP    VANADIUM   AND 
THEIR  COMPOUNDS. 


52a  Vanadium  Moiw.ddf,  VoO,  is  formed  by  the  prolonged  ex- 
posure of  metallic  vanadium  to  the  air.  It  is  a  brown  substance, 
which,  when  heated  in  the  air,  is  gradually  converted  into  the 
higher  oxides.     No  salts  of  tliis  oxide  have  been  prepared. 

Vanadium  Dioxide,  or  ffi/povunadions  Oxide,  VjO„,  in  its 
power  of  uniting  with  oxygeu  vanadium  even  surpasses  uranium,' 
and,  like  uranium,  it  can  only  be  separated  from  its  hist  portions 
of  oxygen  with  extreme  difliculty.  The  oxide  V^O^  is,  moreover, 
found  to  enter  as  a  radical  into  many  compounds,  so  that  the 
name  vanadyl  (VO)  may  appropriatsly  be  given  to  it.  This  sub- 
stance, wiiich  was  regarded  by  BiTzt'lius  as  metallic  vanadium, 
may  be  prepared  by  reducing  the  higher  oxides  by  potassium, 
or  by  passing  the  vapour  of  vanadyl  trichloride,  VOCI^.  mixed 
with  excess  of  hydrogen,  through  a  combustion  tube  con- 
taining red-hot  carbon.*  Tlius  obtained  it  forms  a  light-grey 
glistening  powder  or  a  lustrous  metal-like  crust,  having  a  specific 
gravity  of  354.  It  is  brittle,  difficultly  fusible,  and  conducts 
electricity.  Heated  to  redness,  it  tikes  fire  in  the  air  and  burns 
to  the  trioxide  VjOj,  whilst  when  heated  in  chlorine  the  oxy- 
cliloride  VOCij  is  fonned.  It  is  insoluble  in  sulphuric,  hydro- 
chloric, and  hydrofluoric  acids,  but  dissolves  easily  in  aqua  regia, 
yielding  a  blue  liquid.  Although  vanadium  dioxide  does  not 
dissolve  in  acids,  it  can  be  obtained  in  solution,  yielding  the 
hypovanadious  salts.  These  are  obtained  by  the  action  of 
nascent  hydrogen,  evolved  by  metallic  zinc,  cadmium,  or  sodium- 
amalgam,  upon  a  solution  of  vanadium  pentoxide  in  sulphuric 
acid.  The  liqiud  rapidly  changes  colour,  passing  through  all 
shades  of  blue  and  green  until  after  some  time  it  assumes  a 
permanent  lavender  or  violet  tint.  In  order  to  prove  that  this 
solution  really  contains  the  vanadium  in  the  state  of  dioxide,  a 
standard  solution  of  potassium  permanganate  is  added  until  a 
permanent  pink  colour  is  obtained  and  the  vanadium  has  reached 
the  highest  degree  of  oxidation,  when  it  is  found  that  for  every 
two  atoms  of  metal  three  atoms  of  oxygen  have  been  added. 
This  solution  of  hypovanadious  sulphate  absorbs  oxygen  with 

'  Peligot,  .,<n».  CAiig».  Phyi.  [3],  r.  and  xiL 
*  Schofarik,  Ann.  Chem.  Pharm,  cix.  8S, 
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such  avidity  as  to  bleach  indigo  and  other  ratable  colouring  ' 
matters  as  quickly  as  chlorine.  On  allowing  the  neutraliited 
lavender-coloured  solution  to  stand  exposed  to  the  air  for  a  few 
seconds,  the  colour  changes  to  a  deep  chocolate-brown :  and  sa 
rapid  ia  the  alteration  of  colour  when  but  little  free  acid  is 
present  that  such  a  lavender  solution  may  serve  as  a  reagent  for 
the  detection  of  free  oxygen  not  inferior  in  delicacy  to  u 
alkaline  pyrogallate.  The  clianges  in  colour  which  the  yellow 
sulphuric  acid  solution  of  vanadium  pentoxide  undergoes  <m 
reduction  are  exceedingly  characteristic,  and  may  be  divided 
into  eight  stages,  as  follows : 


stags. 

Colonr. 

BcacUon. 

State  of  OxidaUoD  ot  thii  Xttal. 

1. 

Yellow 

Acid 

Vftnadic  oxide. 

11. 

Green 

Acid 

Vaaadic  to  hypovansdio  oxide. 

111. 

Bluish-Green 

Add 

Vanndio  to  byporonadic  oxide 

IV, 

Blue 

Acid 

Hypovanadic  oxide.                       L 

T. 

Greanish-bluo 

Acid 

Hypovanadic  to  Tanadiovs  oxid«  1 

VI. 

Green 

Bleaches  slightly 

VII. 

Bliiiiih-Tiolet 

Bleaches  strongly 

Vanodioua  to  hypovonadiou*  oxide. 

VIII. 

Lavender  or  Tiolet 

Bleaches  strongly 

UypoTanadions  oxide. 

Tims  vanadic  salts  are  yellow  ;  the  hypovanadic  salts  blue;  the 
vanadious  salts  green ;  and  the  hypovanadious  salts  lavender- 
coloured. 

Vanadium  Trioxide  or  Vanadions  O.nde,  V„Og,  is  obtAin 
by  heating  the  pentoxide  in  hydrogen,  or  by  igniting  tb 
same  oxide  in  a  carbon  crucible.  It  is  a  black  powder,  wW 
may  by  pressure  be  united  to  form  a  coherent  mas.s  which  con 
ducts  electricity.  It  undergoes  oxidation  when  exposed  to  the 
air,  not  only  being  pyrophoric  when  warm,  but  also  slowly 
taking  up  o.\ygen  when  exposed  to  the  air  at  oi-dinary  tompera- 
turea,  and  being  converted  into  small  dark  indigo-coloiured 
crystals  of  the  tetroxide.  It  has  a  specific  gravity  of  47.  When 
ignited  in  chlorine  gas  it  is  converted  into  vanadyl  chloride 
VOClj,  and  vanadium  pentoxide  : 

3V,0,  +  6Clj  =  VjOj  +  4V0C]y 


ledfl 
haB 
icl^ 


L 


HYPOVANADIC  COMPOUNDS. 


tn 


It  is  insoluble  in  most  acids,  but  it  may  be  obtained  in  solution 
by  the  reducing  action  of  nascent  hydrogen,  evolved  from 
metallic  magnesium,  on  a  solution  of  vanadium  pentoxide  in 
sulphuric  acid.  A  green  liquid  is  thus  obtained,  the  further 
Teduction  observed  in  the  case  of  zmc,  cadmium,  and  sodium- 
amalgam  not  taking  place  in  the  case  of  magnesium.  The  green 
solution  may  likewise  be  obtained  by  the  partial  oxidation  of 
the  lavender-coloured  solution  of  hypovanadious  oxide.  If  a 
current  of  air  be  passed  through  such  a  solution,  in  which 
the  free  acid  has  been  neutralized  by  an  excess  of  zinc  and 
the  remaining  metallic  zinc  removed,  the  liquid  attains  a  per- 
manent brown  colour,  which  on  the  addition  of  a  few  drops 
of  acid  turns  green  and  the  solution  now  contains  vanadious 
sulphate.     Tlie  vanadious  salts  have  not  been  fully  examined. 

Vanadium  Tdroxulc,  or  Hypomnadic  Oxide,  V„0^.  This 
oxide  can  be  prepared  either  by  the  oxidation  of  the  dioxide 
in  the  air,  or  by  the  partial  reduction  of  the  pentoxide.  It  dis- 
eolves  in  acids,  forming  solutions  of  the  h}'povanadic  salts, 
which  possess  a  bright  blue  colour.  Solutions  of  these  salts  are 
also  produced  by  the  action  of  moderate  reducing  agents,  such 
as  sulphur  dioxide  and  sulphuretted  hydrogen  or  oxaUc  acid 
upon  solutions  of  vanadic  acid  in  sulphuric  acid.  Also  by  pass- 
ing a  cuiTent  of  air  through  acid  solutions  of  the  hypovanadious 
I   saltfi  until  a  permanent  blue  colour  is  attained. 


HYPOVANADIC   or   DiVANADTL  C0MP01INT)S. 


523  These  may  be  considered  as  containing  the  tetravalent 
radical  divanadyl,  V^Oj. 

Hypovanadic  Hydraddc,  Vj0^.7H„0  or  V„0,(OH)^  +  5HjO, 
forms  a  grayish-white  precipitate,  obtained  when  a  solution  of 
hypovauadic  sulphate  or  cldoride  is  cautiously  precipitated 
with  a  cold  solution  of  sodium  carbonate.  When  dried  it  is  a 
black  amorphous  mass,  having  a  glassy  fracture.  This  on  heat- 
ing to  100°  loses  four  molecules  of  water,  leaving  the  hydrate 
V,0,  +  3H|;0.  Hypovauadic  oxide  acts  both  as  a  basic  and  as  an 
acid-forming  oxide.  "Wlien  di.ssolved  in  acids  the  hj'povanadic 
salts  are  formed,  whilst  with  alkalis  the  hypovanadates  are 
produced. 

Jlypovnnadic  Tetrachloride,  VjO^Cl^  +  5II.jO.  "ttTien  vanadium 
pentoxide  is  dissolved  in  hot  concentrated  hydrochloric  acid, 
chlorine  is  evolved  and  a  green  solution  is  obtained,  which 
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becomes  blue  with  deposition  of  sulphur  when  sulphuretted 
hydrogen  is  passed  through  the  liquid.  A  brown  amorphous 
deliquescent  mass  is  obtained  on  evaporation,  possessing  the 
above  composition.  It  dissolves  in  water,  yielding  a  blue  solu- 
tion ;  but  when  treated  with  strong  hydrochloric  acid  or  alcohol 
the  solution  is  brown,  and  this  change  is  explained  by  the  exist- 
ence of  two  different  hydrates.  On  ignition  in  a  current  of 
carbon  dioxide  it  decomposes  as  follows : 

VjOjCl^ -I-  5HjO  =VjO,  -1-  4IIC1  +  SHjO.  ! 

The  tetroxide  thus  obtained  is  amorphous  and  has  a  greenish 
tint,  owing  to  the  presence  of  a  small  quantity  of  pentoxide.'       M 

Hypovanadic  Sulphate,  \.fi^(^0^^,  is  deposited  as  a  greenish-  V 
blue  sandy  powder  by  dissolving  the  tetroxide  in  excess  of 
sulphuric  aciJ  and  heating  the  solution  for  some  time  to  the 
boiling-point  of  the  acid."  If  the  tetro.xide  be  dissolved  iu 
sulphuric  acid,  the  solution  evaporated,  and  the  residue  treated 
with  absolute  alcohol,  a  sky-blue  powder  remains,  which  deli-: 
quesces  in  moist  air.  If  the  solution  be  allowed  to  evaporate  j 
spontaneously  over  sulphuric  acid,  fine  blue  rhombic  prisms  J 
having  the  composition  V2(l2(SOj2  -f-  4H2O  are  deposited  (Berze-j 
lius).  An  acid  salt,  V20jS0^(S0^H)j+  511.0,  is  prepared  by  eva- 
porating the  sulphuric  acid  solution  of  the  trioxide,  drying  tha 
crystals  on  a  porous  plate,  and  then  washing  them  with  ether ' 
(Crow) ;  and  a  similar  salt,  VjO.ySO^(SO^H),  -f  oH,0,  is  obtained 
by  precipitating  a  concentrated  solution  of  any  of  the  hypo- 
vanadic sulphates  with  concentrated  sulphuric  acid.  Otherj 
hydrates  and  double  salts  of  this  series  are  also  known;  thai 
composition  of  these  compounds  will  be  found  in  the  memoir 
above  referred  to. 

The  remaining  hypovanadic  salts  have  been  but  incompletely 
studied.  Certain  of  them  have  been  described  by  Berzelius  and 
more  recently  by  Guyard.* 

The  hypovanadates    are   all  insoluble   except    those   of  the 
alkali  metals.      The  alkaline  hypovanadates  are  obtained  byj 
adding  an  excess  of  caustic  alkali  to  a  concentrated  solution  of 
hypovanadic  sulphate.     The  dark-brown  solution  thus  obtained  j 
with  potash  deposits  potassium  hypovanadate,  KjV^Oj  -t-  THoO, j 
in  reddish-brown  crystalline  scales,  which,  after  washing  first! 


inn 


'  Crow,  Joum,  Chem.  Soc.  1876,  ii.  453. 
'  Gcrland,  Ber.  Deuljieh.  Chem.  Oa.  x.  2109. 
»  J}iUl.  Soc.  Chim.  [2],  xxt.  380. 
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with  potash  solution,  and  then  with  alcohol,  may  be  dried 
between  filter-paper.  Tliis  salt  is  permanent  in  the  air,  and 
very  soluble  in  water,  yielding  a  dark-brown  solution. 

Soilium  ffijpovanadalc,  NajV^O,  +  7HjO,  is  prepared  in  a 
similar  way  to  the  potassium  salt  and  exhibits  analogous 
properties. 

Ainmonium  ff)/pova7utdaie,  (NH^)„V^Oj  +  3HjO,  is  obtained  as 
a  dark-brown  crystalline  precipitate  by  adding  a  hypovanadic 
sulphate  solution  to  ammonia;  it  dissolves  in  water,  yielding 
an  almost  black  solution  (Crow). 

The  hypovanadates  of  the  heavy  metals  are  insoluble  precipi- 
tates. 

Lead  Hypovanadate,  PbVjOj,  is  precipitated  when  a  solution 
of  lead  acetate  is  added  to  a  solution  of  potassium  hypovanadate. 

Silr(r  Hypovanojdate,  AgjVjOj,  is  a  black  crystalline  powder 
formed  according  to  the  following  equation  : 


I 


K,V«0,  -I-  4AgN0,  -I-  H,,0  =  2kg;^fi,  +  2KNO3  +  2HNOs, 
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534  The  only  compounds  of  vanadium  and  chlorine  described 
before  18G7  were  oxychlorides.  Three  chlorides  free  from 
oxygen  have  been  subsequently  obtained  either  by  the  action 
of  chlorine  or  the  nitride  of  vanadium,  VN,  or  by  distilling  the 
oxychlorides  over  charcoal.'  The  following  chlorides  and  oxy- 
chlorides of  vanadium  are  known : 


Chlorides. 

Vanadium  tetrachloride  VCl^. 
„         trichloride . 

dichloride  .    VCl,  or  VjCl^. 


VCl,orV,Cne. 


CKYCiaORIDES. 

Vanadyl  trichloride  .     .  VOClj. 

dichloride  .     .  VOCly 

„        monochloride ,  VOCL 

Divanadyl  monochloride  VjOjCL 

»  Koscflc,  Phil.  Trans.  1869,  678. 
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Vanadium  Tdraddoride,  VCl^  is  formed  when  metallic  \'ana- 
dium  or  the  raononitride  is  heated  to  rednesa  in  an   excess  of 
chlorine.     It  is  best  prepared  by  repeatedly  passing  the  vapour 
of  vanadium  oxychloride,  together  with  an  excess  of  dry  chlorine, 
over  a  long  column  of  pure  sugar-charcoal  heated  to  a  dull  redness. 
Vanadium  tetrachloride  is  a  dark  brownish-red  thickish  Uquid, 
which  evolves  white  fumes  when  exposed  to  moist  air.    It  boils  at 
154°  with  partial  decomposition,  losing  chlorine  and  leaving  a 
residue  of  the  sesquiehloride.     This  decomposition  also  takes 
place  at  the  ordinary  temperature,  especially  on  exposure  to 
light.    It  does  not  solidify  at — 18° ;  its  specific  graWty  at  0°  is 
1*8584,  and  the  specific  gravity  of  its  vapour  is  Ci  69,  the  calcu- 
lated specific  gravity  being  6675.     When  thrown  into  water  the 
tetrachloride  is  at  once  decomposed,  yielding  a  blue  solution  of 
hypovanadic  chloride. 

The  tetrachloride  heated  in  excess  of  either  cldorine  « 
bromine  splits  up  into  trichloride  and  free  chlorine,  so  that 
vanadium  does  not  appear  to  form  a  penta-compound  with  the 
chlorous  elements. 

Vanadium  Trii-hloride,Yfi]^.  The  foregoing  compound  easily 
decomposes,  as  has  been  stated,  into  this  body  and  chloriue.  The 
trichloride  is  obtained  either  by  the  slow  decomposition  of  the 
tetrachloride  at  tlie  ordinary  temperature  or  at  its  boiling-point,  or. 
together  with  the  dichloride,  when  the  vapour  of  the  tetrachloride 
mixed  with  hydrogen  is  passed  through  a  red-hot  tube.  It  is  a  solid 
Bubstance,  crystallizing  in  fine  peach-blossom  coloured,  shining 
tables,  closely  resembling  in  appearance  the  crystids  of  chromium 
sesquichloride.  It  is  non-volatile  when  heated  in  hydrogen,  and 
decomposes  when  heated  in  the  air.  Ignited  in  a  current  of 
hydrogen,  it  first  loses  one  atom  of  chlorine,  forming  the  di- 
chloride VCl.^,  parting  at  a  higher  temperature  with  the  whole 
of  its  chloriue,  and  leaving  a  residue  of  metallic  vanadium  as  a 
lustrous  gray  powder.  It  is  extremely  hygroscopic,  instantly 
deliquescing  on  exposure  to  moist  air  to  a  dark-brown  liquid, 
which  on  addition  of  a  drop  of  liyilrocliloric  acid  becomes  green, 
forming  a  solution  of  vauadious  chloride.  The  specific  gravity 
of  vanadium  trichloride  is  3"0 ;  it  readily  dissolves  in  absolute 
alcohol  and  in  ether,  forming  green-coloured  solutions. 

Vanaditaa  Dichloride,  VCU  This  is  a  solid  body,  crystal- 
lizing in  fine  apple-green  coloured  plates,  having  a  micaceous 
lustre  and  nn  hexagonal  form.  It  is  prepared  by  passing  tli( 
vanadium  tetracldoride,   mixed  with  dry  and   pure   hydroge 


I 


VANADYL  TRICHLORIDE. 


296 


through  a  glass  tube  heated  to  dull  redness.  Its  specific  gravity 
at  18°  is  3'23.  It  is  very  deliquescent,  yielding  a,  lavender- 
coloured  solution  of  hypovanadious  chloride,  which  possesses 
bleaching  properties.  When  the  dichloride  is  hented  to  white- 
ness in  a  current  of  diy  ammonia,  vanadium  mouonitride  is 
obtained  in  bronze-coloured  pseudomorph  crystals. 

525  Vanadium  Ojcychloride,  or  Vanadyl  Trichloride,  VOCl,. 
This  compound,  corresponding  to  phosphorus  oxychloride,  is 
obtained  either  by  the  action  of  chlorine  on  the  oxide  VjOj  as 
already  described,  or  by  heating  a  mixture  of  the  peutoxide  and 
charcoal  in  a  current  of  chlorine : 
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V5O5  +  3C  +  3Clj  =  2VOCI3  +  SCO. 
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In  the  latter  case  the  resulting  liquid  is  red-coloured  from 
presence  of  tetrachloride,  and  is  best  purified  by  rectification 
over  clean  sodium  in  a  current  of  carbon  dioxide.  Vanadyl 
trichloride  thus  obtained  is  a  bright  lemon-yellow  coloured 
mobUe  liquid,  boiling  at  126°'7  and  having  a  specific  gravity 
at  14°  of  1"841.  It  does  not  solidify  at — 15°.  The  specific 
gravity  of  its  vapour  is  6"108,  the  calculated  specific  gravity 
being  6003. 

On  exposure  to  moist  air  vanadyl  trichloride  emits  vapours 
of  a  cinnabar-red  colour,  and  is  soon  decomposed  in  the  presence 
of  moisture  into  vanadic  and  hydrochloric  acids.  When  a  small 
quantity  of  water  is  added  it  becomes  thick  and  blood-red 
coloured,  owing  to  the  formation  of  vanadic  acid.  A  large 
quantity  of  water,  however,  yields  a  clear  yellow  solution. 
^Tien  the  o.<ychloride  is  ignited  in  a  current  of  dry  ammonia 
gas,  vanadium  mouonitride  is  obtained.  Vanadium  trichloride 
combines  with  ether  at  70°,  forming  a  compound  crystallizing  in 
long  red  needles,  having  the  composition  VClafOCjHj)^,  there- 
fore corresponding  to  the  pentacLloride,  in  which  two  atoms  of 
chlorine  are  replaced  by  two  molecules  of  oxethyl.^ 
•  W'hen  vanadium  oxychloride  is  heated  with  zinc  to  400°, 
vanadium  dioxide  atd  vanadyl  dichloride  VOCl,,  are  formed ; 
the  latter  crystallizes  in  green  tables  which  deliquesce  on  ex- 
posure to  moist  air.  The  same  compound  is  formed  when  the 
vapour  of  vanadyl  trichloride  and  hydrogen  are  passed  through 
a  red-hot  tube.  In  this  case  both  vanadyl  mmochloride  VOCl, 
and  divanculyl  monochloride,  VjOjCl,  are  likewise  formed,  the 
>  Bcdson,  Ch(m.  Soc.  Jmtm.  1876,  i.  p.  30a 
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former  as  a  flocculeut  brown  powder  insoluble  in  water,  and  the 
latter  in  the  form  of  a  yellow  crystalline  powder  resembling 
mosaic  gold.  The  molecular  formulae  of  these  bodies  is  not 
known. 


VANADIUM  AND  BROMINE. 

••  526  Vanadium  Tribromide,  YYjt^  This  is  the  only  known 
compound  of  the  above  elements.  It  condenses  as  a  grayish- 
black  compact  amorplious  sublimate,  when  dry  bromine  vapour  is 
passed  in  excess  over  vanadium  nitride,  or  over  a  mixture  of 
vanadium  trioxide  and  cbarcoal  heated  to  redness.  It  is  a  very 
unstable  comjiound,  losing;  bromine  even  at  the  ordinary  tem- 
perature in  dry  air,  and  deliquescing  rapidly  on  exposure  to 
moist  air. 

Vananyl  Tribromide,  VOBrg,  obtained  by  passing  dry  bromine 
vapour  over  vanadium  trioxide  heated  to  redness,  is  a  dark-red 
transparent  liquid,  having  a  density  of  2  967  at  0°.  It  may  be 
distilled  under  diminished  pressure,  passing  over  without  decom- 
position, at  a  temperature  of  about  130°  under  a  pressure  of 
100  m.m.  Wien  heated  under  the  ordinary  atmospheric  pressure 
it  suddenly  solidifies  at  180°,  decomposing  into  mnadyl  dihro- 
mide,  VOBr^,  and  free  bromine.  The  latter  oxy bromide  can 
be  obtained  directly  by  dissolving  vanadium  tetroxide  in  hydro- 
bromic  acid : 

VjO,  -h  4HBr  =  2V0Br,  +  2H,0. 

No  compounds  of  vanadium  and  iodine  are  known. 


VANADIUM   AND  FLUORINE. 

527  Neither  a  fluoride  nor  an  oxy  fluoride  of  vanadium  is 
known,  but  a  series  of  fluoxyvanadates  have  recently  been 
described  by  Baker.i 

Potassium  Fluoxyvanadates.  Vanadium  pentoxide  easily  dis- 
solves in  a  solution  of  hydrogen  potassium  fluoride  with 
evolution  of  heat,  and  on  cooling  yellowish  globular  masses 
separate  out,  consisting  of  pearly,  probably  hexagonal,  crj'stals, 
which  have  the  composition  6KF.VJO5.2VOF3  +  2U,0.  The 
>  Journ.  ChetH.  Soc.  1878,  it.  S3& 
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aqueous  solution  is  yellow  and  possesses  an  acid  reaction ;  the 
dry  salt  does  not  smell  of  hydrofluoric  acid,  and  attacks  glass 
only  slowly.  When  this  salt  is  dissolved  in  warm  hydrofluoric 
acid,  the  compound  3KHF2.2VOF3  is  obtained  in  almost  colour- 
less tufts  of  needles,  which  when  dry  smell  of  hydrofluoric 
acid  and  attack  glass. 

Ammonium  Flitoxi/vanadatcs.  'When  the  pentoxide  is  dis- 
solved in  ammoniiun  iluoride  no  salt  separates  out  on  standing, 
but  if  more  of  the  last-named  salt  be  added  the  compound, 
62JH,F.V,,Oj.2VOFs  -|-  2HjO,  crystallizes  out  in  liglit-yellow, 
pearly,  hexagonal  scales.  On  solution  in  water  and  addition  of 
more  hydrogen  ammonium  fluoride,  a  fine  yellow  crystalline  salt, 
12NH^F.V„Oj.2VOF3,  is  precipitated  in  microscopic  pyramids, 
and  this  dissolved  in  hydrofluoric  acid,  yields  the  compound, 
3NH^HFj.2VOF3,  corresponding  to  one  of  the  potassium  salta 
If  sulphuretted  hydrogen  be  passed  into  a  solution  of  the 
pentoxide  in  hydrofluoric  acid  and  the  resulting  blue  solution 
eva[>orated  and  ammonium  fluoride  added  to  the  concentrated 
liquid,  transparent  blue  monoclinic  prisms  of  ammonimn  Jluoxy- 
hypovajiadate,  2Nll^F.Y0F  -I- H^O,  are  deposited.  Zinc  jlnca-y- 
vanndate,  ZujOF^.2VOFj,  +  14HjO,  is  formed  by  dissolving  zinc 
carbonate  and  vanadium  pentoxide  in  hydrofluoric  acid.  The 
salt  crystallizes  in  hard,  yellow,  monoclinic  prisms. 


VANADIUM  AND  SULPHUR. 


528  Two  sulphides  of  vanadium  are  known  corresponding  to 
the  tetroxide  and  pentoxide.  These  both  act  as  acid-lbrming 
sulphides,  giving  soluble  salts  with  the  alkaline  sidphides. 

Vanadium  TttrasuJphidc,  VjS^,  is  a  black  compound  formed 
by  heating  the  tetroxide  to  redness  in  a  current  of  sulphuretted 
hydrogen,  or  in  the  form  of  a  hydrate,  by  acidifying  the  purple- 
brown  solution  of  a  hypolhiovanada.te  obtained  by  dissolving  a 
hypovanadic  salt  in  an  excess  of  an  alkaline  monosulphide ;  on 
drj'ing  it  yields  a  black  mass. 

Vanadium  PmtasiUphid^,  VjSj,  is  obtained  as  a  hydrated 
precipitate  when  a  vanadate  is  dissolved  in  an  alkidine  sulphide 
and  hydrochloric  acid  added.  It  resembles  the  foregoing  com- 
pound and  forms  with  basic  metallic  sulphide  salts,  termed  the 
thiovanadatcs,  some  of  which  are  crystalline  (Berzelius). 
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VANADIUM  AND  NITROGEN. 


529  Vanadium  Mononitride,  VN.  The  process  described  "^^Z^ 
Berzelius  for  preparing  metallic  vanadium  by  heating  t^---*® 
ammonio-oxychloride  in  an  atmosphere  of  ammonia  does  txC^^ 
yield  the  metal,  but  the  mononitride,  vanadium  being  di^^*" 
tinguished  from  most  other  metals  by  its  power  of  direct  unioc^^^ 
with  nitrogen.  The  substance  obtained  by  strongly  igniting  th«^3 
ammonio-oxychloride  in  a  current  of  dry  ammonia  (or  rather 
of  its  component  gases)  at  a  white  heat  is  a  greyish-browu 
powder,  whicli  does  not  undergo  change  at  ordinary  temperatures. 
The  mononitride  is  likewise  obtained  when  the  black  residue 
left  on  calcining  ammonium  metavanadate  in  the  air  is  heated 
to  whiteness  in  a  current  of  dry  ammonia.  Another  and  still 
more  simple  plan  of  obtaining  the  nitride  is  to  expose  the  oxide 
to  the  action  of  ammonia  gas  at  a  white-heat.  It  is  a  singular 
fact  that  in  the  presence  of  nitrogen  and  hydrogen  the  whole  of 
the  oxygen  should  be  replaced  by  nitrogen. 

When  heated  in  the  air  vanadium  mononitride  glows  and 
slowly  oxidizes  to  the  blue  oxide, 

Vanadium  Dinitride,  VNj,  is  obtained  as  a  black  powder  by 
passing  ammonia  over  vanad)'!  trichloride,  heating  the  residue  in 
a  glass  tube  to  expel  sal-ammoniac,  washing  with  water,  and 
drying  in  a  vacuum  over  sulphuric  acid. 
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Detection  and  Estimation  of  Vanadium. 

530  Insoluble  vanadium  compounds  can  be  brought  into  solu- 
tion either  by  treatment  with  acids  or  with  alkalis.  Tlie  hydro- 
chloric acid  solution  assumes  a  bright  blue  colour  on  the  addition 
of  zinc.  A  solution  of  hypovanadic  sulphate  cannot  be  dis- 
tinguished in  colour  from  one  of  copper  sulphate  when  diluted 
to  the  requisite  extent  with  water.  It  however,  of  course,  does 
not  become  colourless  in  presence  of  metallic  iron.  Solutions 
of  certain  vanadates  also  closely  resemble  solutions  of  the  cbro- 
niates.  Thus,  for  instance,  a  solution  of  the  tetravanadate  of 
potassium  does  not  differ  in  appearance  from  one  of  potassium 
bichromate.  They  may,  however,  be  distingtiished  from  one 
another,  inasmuch  as  the  vanadate  solution  becomes  blue,  whilst 
the  chtomate  assumes  a  green  colour  on  deoxidation.     Wlien 
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a  solution  of  vanadic  acid  or  an  acid  solution  of  an  alkaline 
vanadate  is  shaken  up  with  ether  containing  hydrogen  peroxide, 
the  aqueous  solution  assumes  a  red  colour  like  that  of  ferric 
acetate.  This  reaction  serves  to  detect  1  part  of  vanadic  acid 
in  40,000  parts  of  the  liquid.  Chromic  acid  does  not  interfere 
with  the  reaction.* 

For  the  qitantitatiiv  determination  of  vanadium.  Von  Haner 
proposed  the  precipitation  of  ammonium  metavanadate  in- 
soluble in  solution  of  sal-ammoniac.  This  on  ignition  yields 
the  pure  pentoxide,  But  this  separation  of  vanadic  acid  from 
the  metals  of  the  alkalis  by  means  of  chloride  of  ammonium 
gives  too  low  results,  both  as  regards  the  vanadium  and  the 
alkalL  It  is  almost  impossible  to  prevent  traces  of  ammo- 
nium metavanadate  from  dissolving,  and  on  ignition,  even  with 
the  greatest  care,  some  portions  of  the  finely-divided  vanadium 
pentoxide  are  invariably  carried  oft'  when  the  ammonia  escapes. 
On  the  other  baud,  the  volatilisation  of  the  comparatively  large 
quantities  of  sal-ammoniac  M'hich  must  be  employed  in  order 
to  ensure  the  complete  precipitation  of  the  vanadium  almost 
always  entails  a  considerable  loss  of  the  fixed  alkaline  chlorides. 
A  far  more  accurate  plan  for  the  separation  of  vanadium  is  the 
precipitation  of  the  soluble  vanadate  by  acetate  of  lead,  when 
basic  lead  vanadate  is  precipitated,  which  is  so  insoluble  tliat  a 
portion  when  finely  powdered  and  boiled  in  water  does  not  dis- 
solve in  sufficient  quantity  to  enable  the  lead  to  be  detected  in 
the  filtrate  by  the  reaction  with  suljihuretted  hydrogen.  The  salt 
is  also  insoluble  in  acetic  acid,  but  it  dissolves  readily  in  nitric 
acid,  liberating  vanadic  acid,  which  separates  out,  but  ilissolvea 
completely  when  the  liquid  is  warmed.  In  the  analysis  of  a 
soluble  vanadate  this  insoluble  lead  salt  is  collected  on  a  filter, 
dried  at  100°  and  weighed ;  a  given  quantity  of  the  dried  salt 
is  then  dissolved  in  nitric  acid,  the  lead  precipitated  by  pm-e 
sulphuric  acid,  and  the  lead  sulphate  determined  with  the  usual 
precautions  of  evaporation  with  addition  of  alcohol,  &c.  The 
lead  sulpliate  thus  obtained  is  (contrary  to  IJerzelius's  state- 
ment) quite  free  from  vanadium,  whilst  the  vanadium  pentoxide 
in  the  filtrate  is  obtained  perfectly  pure  and  well  crj'stallized  on 
evaporation  and  ignition.  The  filtrate  from  the  lead  vanadate, 
freed  from  excess  of  lead  by  means  of  sulplmnc  acid  and  eva- 
porated, yields  the  alkaline  sulphate,  not  containing  a  trace  of 
vanadium.  Vanadium  may  be  very  readily  determined  volu- 
•  O.  Werther,  Joum.  Pracl,  Chem.  Ixxzrui.  195. 
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metrically  when  no  other  reducible  metals  are  present,    f  *^ 
tliis  purpose  the  solution  of  vanadic  acid  in  sulphuric  acid      * 
diluted  and  reduced  by  passing  a  current  of  sulphur  dioxi*^® 
through  it  and  afterwards  boiling  to  expel  the  excess  of  tit  -"^^^ 
gas.     Standard  permanganate  is  then  added  until  a  permanei^^^ 
colouration  is  obtained. 

531  The  atomic  weiglU  of  vanadium  has  been  determined  i«tf"n 
two  ways.    The  firet  is  by  igniting  vanadium  pentoxide  in  dr 
hydrogen,  when  it  ia  reduced  to  the  trioxide,  and  the  atomic 
weight  of  vanadium  is  then  deduced  by  the  equation — 

,  =  798^-^^ 
0—0 

wljere  a  is  the  weight  of  vanadium  pentoxide  taken,  and  b  is 
the  weight  of  trioxide  obtained. 

The  following  results  were  obtained  by  Eoscoe :  * 


Weight  of 
pentoxide  taken. 

Weight  of 
trioxiJo  obtained. 

Atomic  ireight 
of  ranadiam. 

(1). 

.    7-7397 

6-3827 

51-13 

(2). 

.    6-5819 

5-4296 

51-26 

(3). 

.    5-1895 

4-2319 

51-35 

(4). 

.    5-0450 

4-1614 

51-22 

Tlie  mean  atomic  weight  of  these  four  experiments  is  51-24. 
with  a  mean  error  of  OOlnl.  Berzelius  found  as  a  mean  of  four 
experiments  that  120-927  parts  of  pentoxide  yielded  100  of  the 
trioxide  ;  which  gives,  according  to  the  above  equation,  x  =  5242. 
This  difference  is  probably  due  to  the  fact  that  the  vanadium 
employed  by  Berzelius  contained  a  trace  of  phosphorus,  which 
prevented  the  complete  reduction. 

The  second  method  for  the  determination  of  the  atomic 
weight  is  the  analysis  of  the  vanadyl  trichloride.  The  chlorine 
in  this  compound  was  estimated  both  by  Gay-Lussac's  volu- 
metric process  and  by  graviaietric  analysis.  Nine  volumetric 
determinations  gave  61306  per  cent  of  chlorine,  and  eight 
gravimetric  analyses  gave  61-241  per  cent,  of  chlorine,  the 
atomic  weight  from  the  mean  of  the  seventeen  determinations 
being  51-16.  The  mean  atomic  weight  of  vanadium,  according 
to  both  methods,  is  51-2. 

»  Phil.  Tram.  1868,  «. 
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ANTIMONY   (STIBIUM)   Sb.  -  122. 

53a  This  metal  occurs  in  nature  chiefly  as  stibnite  or  antimony 
sulphide,  SbjSj,  a  mineral  which  was  known  in  very  early  times, 
having  been  long  employed,  as  indeed  is  yet  the  case,  by  women 
in  the  East  for  painting  the  eyebrows.  In  St.  Jerome's  transla- 
tion of  the  Hebrew  of  Ezekiel  xxiii.  40,  we  read  "  circumlinisti 
§8tibio  oculos  tuos ;  "  and  in  the  Second  Book  of  Kings  Lx.  30 
we  fin<l,  "  Porro  Jezebel  introitu  eius  audito  depixit  oculos  suos 
Btibio."     Of  this  latter  passage  Cheyne  and  Driver  give  as  the 

■  translation  of  the  Hebrew  "set  her  eyes  in  paint  (literally 
antimony)." 

The  name  for  this  mineral  in  Hebrew  and  Arabic  is  "  Kohl," 

■  and  this  word  passed  as  "  alcool "  or  "  alkohol "  into  other  lan- 
guages ;  thus  in  the  Sitanish  translation  of  the  Bible  the  above 
pas.sage  from  Ezekiel  is  thus  reiidereil.  "  Alcohohiste  tus  ojos." 
In  tile  middle  ages  the  word  alcohol  served  to  designate  any  fine 
jwwder,  and  it  was  only  at  a  later  period  that  it  was  employed 
to  mean  8i>irits  of  wine.  Dioscorides  calls  this  metal  arinfti, 
and  mentions  that  it  is  also  known  by  other  terms,  such  as 
7r\aTv6<p6aXixoi>,  the  eye-expander,  fvvaiKeiov,  belonging  to 
womankind,  &c.  Pliny,  on  the  other  hand,  terms  it  stibium. 
In  the  Latin  translation  of  Geber,  who  also  was  acquainted  with 
this  substance,  it  is  termed  antim^nium,  and  up  to  the  time  of 
Lavoisier  both  these  words  were  made  use  of  to  signify  sulphide 
of  antimony.  Spiessglas,  the  German  name  for  tliis  substance, 
afterwards  changed  to  spiessglance,  is  found  first  in  the  writings  of 
Basil  Valentine,  who  about  the  end  of  the  fifteenth  century  care- 
fully investigated  the  antiiiiony  compounds.     In  his  Triumphal 

H  Car  of  AiUimony  he  says :  "  In  order,  as  is  most  proper,  that  I 
may  say  sometlung  aliout  the  name  of  the  material,  it  should  be 
understood  that  this  material  was  long  known  to  the  Arabians, 

B  and  from  ancient  time  was  termed  by  them  asinat.  Tlie  Chal- 
deans  entitled  it  stibium,  and  in  the  Latin  tongue  it  has  been 
called  antivwnimn  *  up  to  the  latest  times,  and  in  our  own 
German  mother  tongue  the  same  material  has  been  foolishly 

*  The  story  of  tlie  accidental  imisoningf  of  certain  monVshy  sfiiesraglua  baring 
given  rise  to  the  nnme  of  the  niotal  (antimninc)  is  on  the  face  ini;iro)>i>b1e,  and 
most,  as  Eopp  remarks,  have  beru  iiivcnted  by  a  Freuuhinau,  whci-eas  Valentine 
wrote  in  German  I 
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called  spiessglas  for  this   reason,   that   this   material   can  be 
fluxed  aud  a  glass  made  from  it." 

Dioscorides  mentions  that  in  order  to  roast  the  crude  antimony 
it  must  be  heated  in  a  current  of  air  until  it  bums,  for,  if  more 
strongly  ignited,  it  melts  like  lead.  This  passage  has  given  rise 
to  the  sujiposition  that  tlie  author  was  acquainted  with  metallic 
antimony  ;  but  tliis  is  not  the  case,  for  tliis  quotation  simply 
shows  that  he  recognised  that  spiessglance  is  a  substance  thai 
can  be  readily  fused. 

The  preparation  of  the  metal  was  first  described  by  Basil 
Valentine,  but  not  as  a  new  discovery.  In  his  W iedirholung  dt» 
Orosscn  Steins  dcr  uraltcii  Weisen  he  terms  it  spiessglas  rex  and 
also  plumbum  antimonii.  It  has  already  been  stated  that  the  al- 
chemists considered  that  each  semi-metal  was  simply  a  variation 
of  a  true  metal.  In  spite  of  the  exact  investigations  of  Basil 
Valentine,  antimony  was  confounded  with  bismuth  by  some 
chemists,  such  as  Libavuis,  even  so  late  as  the  sixteenth 
century. 

Antimony  occurs  in  many  other  minerals  besides  stibnite. 
The  metal  is  found,  tliougli  not  fret^uently,  in  the  native  state,  and 
also  as  arseuiferous  antimony  or  allemontite,  AsjSbj.  Antimony 
also  occurs  as  the  trisnlphide,  Sb^Sj,  combined  with  basic  sul- 
phides, and  in  these  thioantimonates,  a  portion  of  the  antimony 
is  usually  replaced  by  arsenic.  Amongst  such  compounds  are 
berthierite,  FeSb^S^;  wolfsbergite  or  antimonial  copper,  Cu^Sb^,; 
boulangerite,  PbSbjS4 ;  bleinierite,  PbjSb^Sj ;  bournanitc 
(Cu2Pb)jSb^Sj ;  freieslebenite,  AgjpSb„Sg ;  pyrargyrite  or  red 
silver  ore,  Ag^Sb^Sg,  &c.  In  addition  to  these  we  have  dyscrasite 
or  antimonial  silver,  AgjSb  ;  breithauptite  or  antimonial  nickel, 
NiSb  ;  ullmannite  or  nickeliforous  gray  antimony,  Ni(SSbAa)j ; 
valentinite  or  antimony  oxide,  SbjO, ;  cervantite  or  antimony 
ochre,  Sb^O^,  and  stiblithe,  Sb^O^  +  HjO.  Antimony  is  alaj 
found  in  small  quantity  in  irpn  ores,  ferruginous  waters,  in  th^ 
coal  formation,  and  in  river  sand.  ^^M 

533  Preparaiion  of  Metallic  Aniimonif.  The  preparation  of  tlie 
metal  from  the  sulphide  is  a  very  simple  operation.  In  order  to 
free  the  ore  from  quartz  or  other  earthy  admixture,  the  mineral 
is  either  melted  in  vertical  cylinders  which  have  a  hole  at  the 
bottom  out  of  which  the  molten  sulphide  drops,  or  the  prelimi- 
nary fusion  is  carried  on  in  reverberatory  furnaces.  Tlie  purified 
sulphide  is  then  either  fused  with  metallic  iron,  or  is  roasted  in 
order  to  convert  it  into  the  oxide,  and  this  is  reduced  with  carbon 
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or  with  crude  tartar.  Basil  Valentine  describes  both  of  these 
methods  in  his  account  of  the  preparation  of  the  philosopher's 
stone  ;  he  states :  "  Antimonium  is  a  master  in  metlicine,  and 
from  it  by  means  of  cream  of  tartar  and  salt  a  King  (regulus)  is 
made,  steel-iron  being  added  to  the  spiessglas  during  fusion. 
Thus  by  an  artifice  a  wonderful  star  is  obtained  which  the  learned 
before  my  time  have  termed  the  philosophical  signet  star."  lu 
the  Triumphal  Car  of  AntimonyhQ  gives  the  following  receipt : 
"  Take  good  Hungarian  spiessglas  and  with  tlie  same  quantity 
of  crude  tartar,  and  half  as  much  saltpetre ;  rub  these  small  and 
let  them  fuse  well  in  a  wind  furnace  ;  afterwards  pour  out  into 
a  mould  and  allow  to  cool  when  a  regulus  is  found." 

In  order  to  reduce  the  oxide  obtained  by  roasting  the  ore, 
it  is  mLxed  either  with  20  per  cent,  of  powdered  charcoal  which 
has  been  saturated  with  concentrated  soda,  or  with  10  per  cent. 
of  crude  tartar,  aud  the  mixture  of  ore  and  reducing  agent  melted 
in  a  large  earthen  crucible.     In  this  country  three  operations 
are   necessary  for  the   production   of   the  best  star-antimony. 
The  first  of  these  is  termed  "  singling  ; "  in  this  40  parts  of  the 
sulphide  is  mixed  with  al>out  20  parts  of  thin  scrap  iron,  and 
this  is  then  melted  m  plumbago  crucibles,  when  metallic  antimony 
and  iron  sulj<hide  are  formed.     The  fusion  lasts  about  an  hour 
aud  a  half,  and  wlien  complete  the  charge  is  poured  into  conical 
moulds.    The  cnide  metal  is  theu  separated  from  the  slag,  consist- 
ing chiefly  of  sulphide  of  iron,  which  lioats  on  the  surface,  and 
it  is  again  melted  in  the  second  process  of  "doubling,"  with  an 
addition  of  a  small  quantity  of  sodium  sulphate  and  slag  ob- 
tained in  the  following  operation.     The  charge  for  each  pot  is 
80  lbs.  of  crude  antimony,  2  lbs.  of  salt-cake  and  2  lbs.  of  slag, 
and  the  fusion  lasts  about  an  hour  and  a  quarter.     Tlie  metal  is 
cast  in  moulds,  allowed  to  cool,  and  broken  into  small  pieces  ready 
for  the  third  process,  termed  "  melting  for  star-metal."     For  this 
purpose  2  parts  of  pearl-ash  and  5  parts  of  slag  from  a  previous 
operation  of  the  same  kind  are  added  to  60  parts  of  metal  and 
the  fusion  again  repeated.     Tlie  molten  metal  is  then  poured 
into   square   moulds   in  which  it  is   allowed   to    cool   slowly, 
the  surface  being  at  the  same  time  completely  covered  with  slag 
in  order  that  it  may  attain  the  peculiar  crj'stalline  structure 
which  is  required  in  coimnerce.     Most  of  the  antimony  of  com- 
merce  is  reduced  in  England,  foreign  ores,   especially    those 
from  Borneo,  being  employed. 

It  has  been  already  stated  that  Basil  Valentine  was  acquainted 
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with  the  crystalline  surface  exhibited  by  pure  antimony,  bnt 
he  specially  mentions   that  the  regulus  which  is  not  starred 
possesses  exactly  the  same  composition  as  that  which  presents 
this  peculiarity.     He,   as  well  as  some  of  his  contemporaries, 
bplieved  that  the   stellated  surface  was  only  produced  ■when 
iron  was  employed  in  the  preparation,   whilst  other  chemists 
taught  that  the  preparation  of  the  stellated  antimony  did  no!  j 
depend  on  the  presence  of  iron,  but  was   connected  with  a 
favourable  conjunction  of  the  stars.     Indeed  this  latter  opinion 
was  pretty  generally  held  until  the  time  of  Boyle,  who  however 
entirely  discredits  this  explanation,  and  also  states  that  the 
starred  metal  can  be  obtained  without  the  use  of  iron. 

In  his  essay  On  the  UnsttcccssftUness  of  Experiments,  Boyle' 
says :  "  And  it  may  perhaps  also  be  from  some  diversity  either 
in  antimonies  or  irons,  that  eminent  chemists  have  (as  we  havOj 
observed)  often  failed  in  their  endeavours  to  make  the  star 
regulus  of  Mara  and  antimony.  Insomuch  that  divers  artis 
fondly  belie^'e  and  teach  (what  our  experience  will  not  per 
us  to  allow)  that  there  is  a  certain  respect  to  times  and 
stellations  requisite  to  the  producing  of  this  (I  confess  admirably 
body.  Upon  this  subject  I  must  not  omit  to  tell  you  that 
while  since  an  industrious  acquaintance  of  ours  was  working  ( 
an  antimony,  which  unawares  to  him,  was,  as  we  then  supposed,' 
of  so  peculiar  a  nature,  that  making  a  regulus  of  it  alone  without 
iron,  the  common  way  (for  his  manner  of  operation  I  inquired 
of  him),  he  found,  to  his  wonder,  and  showed  me  his  regulus 
adorned  with  a  more  conspicuous  star  than  I  have  seen  i^ 
several  stellate  regtiluses  of  both  antimony  and  Mars!' 

Lemeiy,  in  his  Cmtrs  dc  CAywuc,  published  in  1675,  also  argud 
strongly  against  the  supposition  tliat  the  planet  Mars  lias  an] 
thing  to  do  with  the  fonuation  of  the  stellated  surface. 

Commercial  antimony  often  contains  traces  of  arsenic.  i*r 
lead,  copper,  and  frequently  some  sidphur.  In  order  to  prepa 
the  pure  metal  Liebig's  process  is  the  best ;  this  consists 
fusing  16  parts  of  the  metal  with  2  parts  of  sodium  carbonat 
and  1  part  of  sulphide  of  antimony  for  an  hour ;  on  cooling, 
the  regulus  is  separated  from  the  slag,  and  melted  again  for  an 
hour  with  1 J  part  of  sodium  carbonate,  and  this  operation  again 
repeated  with  1  part  of  this  salt.*  According  to  Schiel'  a  small 
quantity  of  nitre  should  be   added  from  time  to  time.    By 

'  Opera,  ed.  1772,  i.  825.  •  LUbig't  Ann.  ci».  223. 

*  .^nn.  Chem.  Pharm.  xii.  22, 
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means  of  this  repeated  fusion  the  whole  of  the   arsenic  is 
Beparated,  provided  that  a  sufficient  quantity  of  iron  be  originally 
Fpresent  in  the  metal ;  should  this  not  be  the  case,  it  is  neces- 
isary  to  add  about  2  per  cent,  of  iron  sulphide.* 

Another  method  of  purifying  the  metal  is  that  described  by 

rdhler,  and  improved  by  Meyer,'  and  this  is  ovailaltle  when  the 

Bnly  impurity  present  i.s  arsenic.    In  this  process,  one  part  of  the 

ictal  is  ignited  with  1'25  parts  of  sodium  nitrate,  and  05  part 

sodium  carbonate.      Tlie  pulverized  mass  is    di-ssolved    in 

FVatcr  when  pure  sodium  metantimonate  remains  behind ;  this 

is  then  reduced  by  heating  \vith  half  its  weight  of  cream  of  tartar 

or  with  a  mwture  of  carbon  and  carbonate  of  soda. 

528  Properfics.  Antimony  is  a  lustrous  silver-wliite  metal, 
which  when  slowly  cooled  exhibits  a  coarsely  laminated  crystalline 
fracture.  When  quickly  cooled,  on  the  other  baud,  the  fracture 
is  granular.  It  crystallizes  in  obtuse  rhombohedrons  which  can 
scarcely  be  distinguished  from  cubes,  and  has  a  specific  gravity 
of  6'71  to  6  86.  Native  antimony  occurs  in  scaly  masses,  usually 
containing  silver,  iron,  and  arsenic.  Its  most  important  localities 
are  at  Sahl  in  Sweden,  Andreasberg  in  the  Harz,  Przibram  in 
Bohemia,  in  the  Dauphiny,  in  Canada,  the  United  States,  Mexico, 
Chili,  and  at  Sarawak  in  Borneo.  Native  antimony  has  a  specific 
gravity  of  from  60  to  7. 

Antimony  is  hard,  and  so  brittle  that  it  can  be  powdered  j  it 
melts  at  425',  and  volatilizes  at  a  briglit  red-heat  in  the  air,  or 
in  a  current  of  a  gas,  but  not  when  fused  under  a  layer  of  common 

Lealt.  It  may  Th;  distilled  in  a  current  of  hydrogen  at  a  white- 
beat  It  docs  not  undergo  any  alteration  on  exposure  to  the  air 
at  the  ordinary  temperature ;  on  heating  it  bums  to  fonn  the 
oxide,  and  when  heated  on  charcoal  before  the  blo^^'pipe,  the  o.xide 
is  evolved  in  tliick  white  fumes,  and  a  portion  of  it  is  deposited 
as  a  white  incrustation  on  the  charcoal.  If  the  blast  of  air  be 
stopped  the  globule  of  molten  metal  begins  to  glow  and  is  seen 
to  be  covered  with  a  crystalline  network  of  needles  of  oxide,  and 
when  the  globule  is  thrown  from  some  height  on  to  a  piece  of 
paper,  the  edges  of  which  are  turned  up,  it  breaivs  into  many 
smaller  globules  which  burn  with  a  veiy  briglit  flame.  Cold 
water  as  well  as  dilute  sulphuric  acid  do  not  act  upon  the  metal 
at  the  ordinary  temperature,  but  at  a  red-heat  it  decomposes 
steam  with  formation  of  oxide.     It  is  easily  dissolved  by  hot 

'  B«nscb,  Ann.  Ckem.  Pharm.  IxiiL  273. 
•  Ann.  Chtm.  Fhtrm.  Ixri.  238. 
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hydit)chlnrie  acid  as  well  as  by  cold  aqua  regia,  and  when  lieated 
with  concentrated  sulphuric  acid  it  is  converted  into  antimony 
sulphate.  Antimony  combines  directly  with  the  elements  of  the 
chlorine  s''oup,  with  those  of  the  sulphur  group  and  with  phos- 
phorus and  arsenic. 

535  £ipl<^ii-'e  or  El^rolylicAntimnni/.  This  peculiar  snl>- 
stance,  discovered  by  Gore,'  is  formed  by  the  union,  under  certain 
conditions,  of  antimony  and  antimony  trichloride.  It  is  obtained 
liy  electrolysis  of  an  acid  solution  of  antimony  trichloride, 
having  a  specific  gravity  of  1'35,  or  of  a  solution  obtained 
liy  dissolving  tlie  trioside  in  from  5  to  6  times  its  weight  of 
hydrochloric  acid  of  specific  gravity  1'12,  metallic  antimony 
being,  in  each  case,  used  as  the  positive,  and  copper  or 
platinum  as  the  negative  pole.  The  latter  becomes  covered 
with  a  grey  lustrous  metalhc  coating,  having  an  amorphous 
fracture  and  a  specific  gravity  of  5'78.  It  contains  from  3  to 
20  per  cent,  of  antimony  chloride,  together  with  a  small  quantity 
of  free  liydrochloric  acid.  "Wlieu  scratched  with  a  metalhc 
point  or  touched  with  a  red-hot  wire  it  decomposes  with  evolu- 
tion of  h(;ut  and  liberation  of  llie  chloride,  and  when  heated  to 
2()(r  it  flies  into  powder  with  a  loud  explosion,  If  it  be  pre- 
pared uuder  cold  water  it  does  not  undergo  any  alteration,  bnt 
when  heated  to  75°  it  decomposes  with  a  hissing  sound.  Hydro- 
chloric acid  is  found  in  solution,  and  the  water  becomes  turbid 
owing  to  the  formation  of  basic  antimony  chloride.  Similar 
products  are  obtained  by  the  electrolysis  of  acid  solutions  of  the 
bromide  and  iodide  (Gore). 

Uxs.  Antimony  is  employed  for  the  preparation  of  tartar 
emetic,  and  of  other  pharmaceutical  products  which  will  be 
hereafter  described.  Its  alloys  are  also  largely  used  in  the  arti 
When  antimony  is  precipitated  by  zinc  from  a  solution  of  the 
trichloride,  the  metal  is  obtained  in  a  finely  pidvenilent  state,  as 
ajitimony  black ;  this  is  employed  for  the  purpose  of  imparting 
to  the  surface  of  gypsum  figures  and  other  objects  the  appear- 
ance of  iron  or  steel 

'  Phil.  Traiu.  1858,  185 ;  1859,  797  ;  1862,  323. 
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529  r>asil  Valentine  mentions  that  antimony  is  valuable  for 
the  preparation  of  medicines,  and  that  it  is  likewise  employed 
for  other  purposes,  such  as  for  the  preparation  of  printer's 
type.  He  adds  that  under  certain  favourable  conjunctions  of 
the  planets  alloys  are  made  of  antimony,  and  from  these  seals 
and  amulets  are  cast,  wluch  are  said  to  possess  special  virtues. 
These  same  alloys  can,  according  to  Valentine,  be  cast  in  the 
same  way  to  form  both  bells  and  mirrors. 

Unglish  iype-melal  is  an  alloy  of  lead,  antimony,  and  tin.  A 
.small  percentage  of  copper  is  sometimes  added,  but  found  of 
little  practical  value. 

The  value  of  antimony  in  these  alloys  is  that  it  imparts  to 
them  hardness,  and  gives  them  tlie  property  of  expanding  in  the 
act  of  solidification  so  necessary  in  order  to  obtain  an  accurate 
cast  of  the  letter.  The  tin  gives  toughness  and  coherence  to  the 
metal.  The  following  are  analyses  of  English  type-metal ;  *  No. 
I      L  is  a  sjjecially  tough  metal : 

I         German  type-metal  contains  about  15  per  cent,  of  antimony. 

Tlie  best  type-metal  is  obtained  by  funing  together  two  kilos. 
of  tin  and  one  kilo,  of  copper  foil  under  finely  divided  cliarcoal. 
To  this  five  kilos,  of  lead  are  added,  and  after  it  lias  been  strongly 
heated  two  kilos,  of  antimony  are  introduced.  To  tliis  is  usually 
added  1  kilo,  of  ordinary  type-metal,  consisting  of  2.5  kilos,  of 
lead  to  5  kilos,  of  antimony.  The  whole  is  cast  at  a  low 
temperature  in  order  to  obtixin  as  sharp  a  cast  as  possible.* 

Britannia-mdal  and  Pewter.  This  silver-white  metal  is  largely 
used  for  the  preparation  of  spoons,  cups,  and  other  articles.     It 

'  Vorrontrajip,  Dingl.  Pnhit.  Jnum.  clxxv.  38, 
'  Ber.  £iUw.  Vhcm,  Ind.  \.  982. 
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III. 
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Lead     .     . 

50 

530 

61-3 

692 

Antimony. 

2.5 

22-7 

188 

19-5 

Tin  .     .     . 

25 

221 

20-2 

91 

Copper      . 

— 

— 

— 

1-7 
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consists  mainly  of  tin  and  antimony,  but  frequently  contains 
other  metals,  as  is  shown  by  tlie  following  analyses : 


Britannia 
MeUL 

Plate 
Pewter. 

Ashliiiry 
Hetal. 

ifjtil    1 

Argeutio.  i 

Tiu    .     .    . 

85-7 

81-9 

89  3 

77-8 

85-5 

Antimony  . 

10-4 

16-2 

71 

19-4 

14-5 

Copper  .     . 

10 

— 

1-8 

— 

— 

Zinc  .     .    . 

20 

1-9 

— 

2-8 

— 

Bismuth 

— 

~ 

1-8 

— 

— 

JVhdte-  or  anti-friction-mdal  is  chiefly  used  for  lining  the 
brasses  of  various  parts  of  locomotive  engines,  and  for  the 
solid  bushes  for  the  coupliug-rods.  Several  alloj's  are  used  for 
this  purpose,  as  is  seen  by  the  following  analyses  : 


i 


Copper . 

Antimony 
Tin  .     . 
Lead 


I. 

5-3 
10-5 
84-2 


100-0 


II. 

1-5 
130 
45'5 
400 

1000 


III. 

50 
100 
850 


100-0 


No.  I.  is  a  metal  used  at  the  Crewe  woiks ;  Xo.  II.  is  one 
known  as  Babbit's  metal ;  and  No.  III.  one  used  by  the  German 
locomotive  makers. 

The  alloy  employed  for  the  manufacture  of  ships'  nafls  con- 
sists of  3  parts  of  tin,  2  of  lead,  and  1  of  antimony. 

Brass  articles  can  be  covered  with  a  fine  lustrous  coating  of 
antimony  by  dipping  them  into  a  hot  solution  of  1  pari  of 
tartar  emetic,  1  of  tartaric  acid,  and  3  of  water,  to  which  3 
or  4  parts  of  hydrochloric  acid  and  as  nmch  powdered  anti- 
mony has  been  added.  The  peculiar  crj-stallographic  relations 
of  these  alloys  have  been  already  referred  to.  (Vol.  ii.  Part  i, 
page  9). 
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ANTIMONY  AND  HYDROGEN. 


530  Antimony  HydricU,  or  Stibine,  SbH^.  This  substance  ■was 
first  prepared  in  1837  by  Lewis  Thompson,*  and  also,  inde- 
pendently, by  Pfaff-  and  other  chemists.  It  is  formed  when 
nascent  hydrogen  is  brought  into  contact  with  a  soluble  anti- 
mony compound,  or  %vhen  an  alloy  of  potassium  or  sodium  with 
antimony  is  decomposed  by  water,  or  an  alloy  of  zinc  and 
antimony  by  dilute  hydrochloric  or  sulphuric  acid.  It  is 
also  formed  when  antimony  oxide  is  added  to  an  acid  solution 
which  is  evolving  hydrogen.  All  these  methods,  however, 
famish  a  gas  which  is  largely  mixed  with  free  hydrogen. 
According  to  F.  Jones,'  a  relatively  pure  gaa  is  obtained  by 
allowing  a  concentrated  solution  of  antimony  in  strong  hydro- 
chloric acid  to  drop  slowly  on  to  an  excess  of  granulated  or  pul- 
verized zinc.  The  gas  thus  obtained  quickly  undergoes  partial 
decomposition,  so  that  the  interior  of  the  evolution-Bask  becomes 
covered  with  a  mirror-Uke  coating  of  antimony,  luid  tlie  evolved 
gas  contains  at  most  4  per  cent,  of  antimony  hydride.  Stibine 
possesses  a  most  disagreeable  smell  and  taste.  Water  at  10° 
dissolves  from  4  to  5  volumes,  and  fish  die  in  a  few  hours 
in  water  thus  saturated,  but  they  recover  if,  when  still  alive, 
they  are  thrown  into  fresh  water.  Antimony  hydride  is  easily 
inflammable,  burning  with  a  greyish  flame  and  evolving  white 
fumes  of  antimony  oxide.  "When  the  gas  is  passed  through  a 
red-hot  glass  tube  metallic  antimony  is  deposited  close  to  the 
heated  spot  in  the  form  of  a  lustrous  mirror,  and  if  this  be 
lietUed  more  strongly,  small  metallic  globules  are  seen  by  the 
microscope  to  have  been  formed,  (concentrated  sulphuric  acid 
decomposes  the  gas.  Caustic  alkali  solution  becomes  deep 
bro^vn  when  the  gas  is  passed  through  it,  and  at  last  a  black 
powder  separates  out  The  lirown  solution  absorbs  oxygen 
rapidly,  and  especially  if  it  be  shaken  with  air.  The  brown 
powder  thiis  obtained  appears  to  possess  the  composition 
Sb(OII)j.  It  rapidly  decomposes  on  standing,  becoming  richer  in 
antimony.  When  antimony  hydride  is  passed  through  a  solution 
of  silver  nitrate,  black  silver  nntimonide,  SbAgj,  is  deposited, 
mixed  with  metallic  silver  arising  from   the  action  ot   free 

»  J'ha.  Mag.  [S],  X.  35S.  '  Pogg.  Ann.  xli.  839. 

»  Chan.  Soc.  Joum.  1876,  i.  641. 
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hydrogen  upon  the  silver  salt.  Sulphur  decomposes  the  ga? 
in  sunlight  or  on  heating  to  100°,  but  not  in  the  dark,  and 
becomes  itself  covered  -with  a  film  of  the  orange-red  antimony 
sulphide  (F.  Jones) : 

2  SbHj  +  6S  =  Sb.Sj  +  3HjS. 

Sulphuretted  hydrogen  acts  in  the  sunlight  in  the  same  way : 

2SbH3  +  3H„S  =  SbjSj  +  6Hy 


ANTIMONY  AND  OXYGEN. 

531  Considerable  doubt  formerly  existed  as  to  the  number  of 
the  oxides  formed  by  antimony.  Tht/niird,  in  1800,  mentions 
several ;  whilst  Proust,  in  1804,  admitted  the  existence  of  only 
two.  The  exact  number  was  ascertained  by  Berzelius  in  1812 
to  be  as  follows : 


Antimony  trioxide,  SbjOj. 
Antimony  tetroxide,  SbjO^. 
Antimony  peutoxide,  Sb^Oj. 


All  these  are  acid-forming  oxides ;  the  first  acting  also  as  a  feeWy 
basic  oxide, 

Antimontj  Trioxide,  Sb^Oj.     This  occnrs  as  the  mineral  Talcn- 
tinite,  with  other  ores  of  antimony,  having  been  produced  by 
the  oxidation  of  these.     It  forms  pearly-white  rhombic  cryst.al» 
which  are  sometimes  coloured  yellow  or  red  by  the  presence  of  j 
iron  and  other  metals,  and  have  a  specific  gravity  of  5'56fi 
Another,   though   less   frequent  form  of  antimony  trioxide, 
senarmontite,  which  ustuilly  occurs  together  with  other  antimon| 
ores,  and  crj'stallizes  in  regidar  octohedrons,  having  a  specififl 
gravity  of  52  to  .5  .*^.     From  this  it  appears  tliat  antimony  tri'?< 
oxide  is  isodimorphous  with  arsenic  trioxide.     Both  these  crys 
talline  forms  can  be  artificially  prepared.     Thus  when  the  meta 
or  sulphide  is  heated  in  an  inclined  crucible  a  light  white  oxida 
is  formed  at  a  red-heat,  and  this,  when  more  strongly  he 
is  deposited  on  the  upper  part  of  the  crucible  in   glistening 
needles,  sometimes  mixed  with  octohedrons,  and  known  as  flor 
aiUimonii,  or  flowers  of  antimony.     This  latter  form  is   alsftl 
ob-served  when  the  rhombic  oxide  is  sublimed,  and  the  octohe-j 
drons,  when  quickly  heated,  are  converted  into  tlio  rhombioj 
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Both  forms  are  also  obtained  by  crystallizing  a  hot 
saturated  solution  of  the  oxide  or  chloride  in  sodium  carbonate 
(Mitscherlich).  Antimony  trioxide  is  prepared  by  diluting  an 
acid  solution  with  water,  and  washing  tlie  basic  salts  which  are 
thrown  down,  first  with  hot  water,  then  with  soda  solution,  again 
with  water,  and  finally  converting  the  residue  into  oxide  by 
ignition.  Obtained  in  this  way,  the  oxide  is  a  pale  buff-coloured 
crystalline  powder,  which  can  also  be  obtained  by  oxidizing  the 
metal  with  very  dilute  nitric  acid.  It  is  scarcely  soluble  in 
water,  and  becomes  yellow  when  ignited,  but  assumes  the  pale 
buff  tint  again  on  cooling. 

At  a  dark  red-heat  it  melts,  and  the  mass  obtained  on  cooling 
is  crystalline.     It  is  insoluble  in  sulphuric  and  nitric  acids,  but 
is  easily  soluble  in  hydrochloric  and  tartaric  acids,  and  the  caustic 
alialis.     The  solution  of  antimony  trioxide  in  tartaric  acid  or 
in  cream  of  tartar  yields  tartrate  of  antimontj  and  jwtassium  or 
trtar  emetic,  C,H^KSbO^.    Heated  in  the  air  it  absorbs  oxygen. 
Lccording  to   Bunsen  the   presence  of  higher   oxides   can   be 
ftsily  detected  by  the  addition  of  potassium  iodide  to  the  hydro- 
chloric acid  solution  when  iodine  is  set  free,  as  may  be  readily 
ascertained  by  shaking  the  li(^uid  with  a  few  drops  of  carbon 
disulphide. 

The  mineral  valentinite  was  probably  known  to  the  ancients. 
Pliny  states  that  two  kinds  of  stibium  exist :  "  Duo  ejus  gcrura, 
mas  et  fcmina.  Horridtor  est  mas,  scabriorque  et  mimes  jwndcrosus, 
mimuque  radians  et  arsenosior  /  fcmina  contra  nitet,  friabilis, 

Ftssurisqve,  vvn  glohis,  dehixens."  Perhaps,  however,  under  the 
feminine  variety  he  may  have  understood  the  preparation 
obtained  by  roasting  the  sulphide,  for  this  process  is  mentioned 
^by  Dioscorides,  and  Glauber  also  refers  to  it.  The  operation  is 
Hsuore  fully  described  by  Basil  Valentine.  He  says  :  "  From  the 
^■common  regulus  of  the  spiessglas  magnificently  fine  ^mrs  nmy 
^Pbe  prepared  both  yellow,  red,  and  white,"  by  regulating  the  fire 
^carefully.  Valentine  certainly  knew  that  the  mineral  which  we 
now  call  valentinite  is  an  ore  of  antimony,  for  he  distinguishes 

•between   the   black-  and    the    golden-spiessglas.      The    oxide 
obtained  by  roasting  the  metal  reduced  by  iron  was  formerly 
called  nlrferrum,  as  it  was  believed  that  iron  was  necessary 
,  for  its  formation. 


Prei 


'  Terrell,  Compta  Rendas,  IxiL  SOS. 
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ANTIMONIOUS  ACID  AND  THE  ANTIMONITES. 

539  Antimonwu.i  Acid,  2HS1jO.,  +  3H„0,  is  formed  by  adding 
copper  sulphate  to  a  solution  of  antimony  sulpliide  in  caustic 
potash  \intil  no  further  orange-coloured  precipitate  is  thrown 
down,  hut  a  white  precipitate  is  formed.  After  filtration  the 
liquid,  on  addition  of  acetic  acid,  yields  a  precipitate  having  the 
above  composition.^ 

Only  the  sodium  antimonite  has  as  yet  been  obtained  in  the 
crystalline  condition. 

Sodium  Antimonite,  NaSbO,  +  3HjO,  separates  ont  from  a 
hot  solution  of  the  oxide  in  soda  in  glistening  octohedrons  which 
are  diffictdtly  soluble  in  water. 

Hydrogen  Sodium  Antivionite,  NaHjSbjO,,  is  obtained  from 
very  concentrated  solutions  in  large  crystals  almost  insoluble  in 
water,  which,  like  those  of  the  former  compound,  appear  to 
belong  to  the  monocUnic  system.^ 


ANTIMONIOUS   AND    HYPOANTIMONIC 
COMPOUNDS. 

533  The  cori'csponding  haloid  compounds  wni  be  decribed 
hereafter.  Tlie  otliers  are  insoluble  in  water,  being  decomposed 
by  it,  especiaHy  when  wai  nt,  with  formation  of  biisic  salts,  wliioh. 
on  long  standing  in  contact  with  water,  lose  the  whole  of  tlicir 
acid,  leaving  a  residue  of  trioxide. 

Antimovy  Trisulphate,  Sb2(SO,)3,  is  obtained  as  a  white  Dia£8 
by  heating  either  the  metal  or  the  oxide  with  concentrated  Bul-  ■ 
ph  uric  acid.  It  cryst^illizes  from  a  tolerably  acid  concentrated 
solution  in  long  glistening  silky  needles,'  and  is  decomposed  by 
water  into  a  soluble  acid  salt,  and  an  insoluble  basic  salt  If 
antimony  chloride  be  heated  with  fuming  sulphuric  acid,  a  basic 
salt,  Sb20(S0j]^,  is  produced  in  small  glistening  crystals  which 
in  contact  with  alcohol  are  transt'drnied  into  the  salt  SbjO^O^ 
consisting  of  a  white  powder,  wliich,  wlien  treated  witli  boiling 
water,  yields  the  salt  Sb^O^SO^. 

'  .'^cTintTiier,  Ann.  Chem.  Fhnrm.  li.  182. 
'  TerTfil,  Ann.  Chim.  Phyn.  [4],  vii.  350. 
■  ScUoltz-Sellack,  Bit.  Ueutsch.  Chem.  Qts.  ir.  13. 
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Aniimony  Tdroxide  or  Antimonimis-Antlmonie  Oxide,  SbjO^. 
Bj  some  chemists  this  substance  is  considered  to  be  a  compound 
of  the  trioxide  and  pentoxide  of  antimony.  It  is  s  white  powder 
formed  when  either  of  the  two  other  oxides  is  strongly  heated  in 
the  air.  When  heated  it  becomes  temporarily  yellow,  and  dissolves 
only  with  difficulty  in  acids.  Antimony-ash,  obtained  by  roast- 
ing the  sulphide  in  the  air,  is  an  impure  tetroxide,  and  was 
formerly  employed  for  the  preparation  of  the  antimony  com- 
pounds. Impure  tetroxide  also  occurs,  as  the  mineral  cervantite 
&nind  together  with  other  antimony  ores  iu  Tuscany.  Antimony 
■feroxide  forms  salts  with  basic  oxides  which  have  been  termed 
mypoantim  onates. 

PoUissiurii  HypoarUimonate,  K^SbjOj,  is  obtained  by  fusing 
together  the  tetroxide  and  potash,  and  lixiviating  the  fused  mass 
with  cold  water.  It  is  a  white  mass  which  is  soluble  in  hot 
water ;  on  addition  of  liydrochloric  acid  to  this  solution  the 
■bid  salt  KgSb^Og  separates  out. 

Other  insoluble  hypoantimonates  can  be  obtained  by  double 
decomposition  with  the  corresponding  salts.  Some  of  these 
occur  as  minerals.  Thus  romeite,  CaSbjOj,  crystallizes  in  quad- 
ratic pyramids,  and  is  found  at  St.  Marcel,  in  PiedmoDt ;  and 
ammiolite,  which  occurs  as  a  powder  coloured  red  by  tlie 
presence  of  cinnabar,  found  at  Chili,  is  probably  a  copper 
bypoantimonate,  CuSbjOj. 


ANTIMONY  PENTOXIDE  AND  ANTIMONIC 
ACIDS. 


534  Antimony  Pentoxide,  SbjOj,  is  obtained  by  rapidly  evajio- 
rating  the  powdered  metal  or  its  lower  oxides  with  nitric  acid, 
and  gently  hefiting  the  residue.  It  is  a  light  yellow  powder, 
having  a  specific  gravity  of  56,  practically  insoluble  in  water, 
and  turning  blue  litmus-paper  red.  !Nitric  acid  does  not  dissolve 
it,  whilst  concentrated  hydrochloric  acid  only  attacks  it  slowly, 
but  at  last  dissolves  it  completely ;  it  volatilizes  completely 
when  heated  with  sal-ammoniac.  It  likewise  forms  two  hy- 
droxides, antimonic  and  metantimonic  acids,  which  give  rise  to 
two  series  of  salts. 

Antimonic  Acid,  H.SbOj  -f  2HjO,  is  obtained  by  decomposing 
one  of  its  salts  with  sulphuric  or  nitric  acid.  It  was  formerly 
known  under  the  name  of  materia  pcrlata,  and  was  employed  as 
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a  medicine.  It  is  an  impalpable  white  powder,  which  is  slightly 
soluble  in  water,  and  which  becomes  anhydrous  on  geutle 
ignition.  Antimonic  acid  dissolves  readily  in  potash,  but  is 
insoluble  in  cold  ammonia. 

Mdantimonic  Add-,  li^SbjOj,  is  formed  by  the  decomposition 
of  the  pentachloride  by  water.  The  air-dried  precipitate 
possesses  the  formula  H^Sb^Oj  +  211,0/  and  has  the  same  com- 
position as  volgerile,  a  mineral  which  occurs  in  the  province  oi 
Constantine,  in  Algeria.  When  dried  at  100°  it  becomes  anhy- 
drous, and  it  dissolves  rather  more  readily  in  water  tlian  anti- 
monic acid,  and  also  is  soluble  in  cold  ammonia.  By  heating 
to  200°,  or  when  kept  under  water,  it  is  converted  into  antimonic 
acid. 


THE  ANTIMONATES  AND  METANTIMONATES. 

535  Since  the  time  of  Berzelius,  the  autimonatea  have  been 
chiefly  investigated  by  Freniy  -  and  Hefller,*  and  the  metanti- 
monates  have  been  prepared  by  Fremy. 

fotassium  Antimonate,  KSbOj,  is  obtained  by  deflagrating 
one  part  of  metallic  antimony  with  four  parts  of  saltpetre  and 
lixiviating  with  warm  water.  A  white  powder  is  thus  obtained, 
which  when  boiled  for  some  time  with  water  dissolves  to  a  con- 
siderable extent.  On  concentrating  the  solution  to  a  certain 
point,  a  crystalline  mass  separates,  but  if  the  hquid  be  further 
evaporated,  a  gum- like  mass,  2KSb03  -f  oHjO,  is  obtained, 
which  dissolves  readily  in  M'arm  water.  When  a  current  of 
carbon  dioxide  is  passed  through  a  solution  of  the  normal  salt, 
the  acid  salt,  2KSb03-|-2HSb03  -|-  5HgO,  is  formed  as  a  shining 
white  j)owder ;  and  if  the  normal  salt  be  boiled  for  some  time 
with  water,  a  residue  having  the  composition  4KSbOj  -f  2HSbO, 
+  QHjO  is  obtained.  This  salt  was  probably  known  to  Basil 
Valentine,  and  was  much  employed  by  quack  doctors  and  known 
as  anlimo7num  diap}i,ordicum  aldutuin.  The  substance  obtained 
by  deflagrating  the  sulphide  with  saltpetre  was  employed  at  the 
end  of  tlie  17tli  century  imder  the  name  antimonium  diapho- 
reticum  non  ahlutum,  and  Libavius  and  others  treated  this 
residue  with  acids  in  order  to  obtain  their  diaphoreticum,  which, 
therefore,  consisted  chiefly  of  antimonic  acid. 


'  Daubrawa,  Lubig't  Ann.  clxxxvi.  110. 

•  Ann.  Chim.  Phyt.  [3],  xii  499,  oad  xxiiL  407. 

'  Pogg.  ^nii.  Ixxuri.  418. 
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Sodium  AiUimonate,  2NaSbOj  +  7HjO,  is  obtained  when  the 
metal  or  sulphide  is  deflagrated  with  Chili  saltpetre  and  the 
mass  washed  out  with  water.  At  200°  it  loses  two  molecules 
of  water,  but  it  does  not  become  anhydrous  until  it  attains  a 
red-heat. 

Ammonium  Antimanate,  NHjSbOj,  is  formed  by  dissolving 
the  acid  in  warm  ammonia.  It  separates  out  on  cooling  as  a 
crystalline  powder,  which  is  insoluble  in  water,  and  readily 
gives  of!'  ammonia. 

The  antimouates  of  metals  of  the  other  groups  are  eitlier 
difficultly  soluble  or  insoluble  in  water.  They  may  be  obtained 
by  double  decomposition  as  crj'stalline  precipitates,  which  are 
decomposed  by  weak  acids  with  formation  of  acid  salts,  whilst 
stronger  acids,  on  the  other  hand,  liberate  antimonic  acid. 
Almost  all  the  antimonates  dissolve  in  strong  hydrochloric  acid. 

Normal  Lead  Antimonate,  Pb(Sb03)2,  is  a  white  curdy  pre- 
cipitate, insoluble  in  water.  The  hisic  salt,  Pb3(Sb03)j(OH)4 
+  2H.jO,  occurs  as  bleinierite,  at  Nertschinsk,  in  Siberia,  and 
Endellion,  in  Cornwall,  in  reniform  or  spheroidal  masses,  which 
possess  a  resinous  appearance  and  a  white  grey,  brown,  or 
yellowish  colour.  Another  basic  salt  which  is  used  in  oil 
painting,  imder  the  name  of  Naples  Yellow,  is  obtained  by 
heating  a  mixture  of  one  part  of  tartar  emetic,  two  parts  of 
lead  nitrate,  and  four  parts  of  common  salt,  for  two  hours 
to  the  fusing-point  of  chloride  of  sodium,  and  then  lixiviating 
with  water. 

Normal  Potassium  Mdantimonate,  KjSb^Oy,  is  best  obtained 
by  fusing  tlie  ordinary  gelatinous  antimonate  with  three  times 
its  weight  of  potash,  dissolving  the  fused  mass  in  water,  and 
evaporating.  It  is  thus  deposited  in  deliquescent  warty  crystals, 
which  are  decomposed  by  water  into  free  alkali  and  an  acid 
salt,  HjKjSb^Oj  -H  (iH,0,  forming  a  crystalline  powder  dif- 
ficultly soluble  in  cold  water,  but  more  readily  in  water  at  a 
temperature  of  from  40°  to  50°.  In  solution  it  easily  decomposes 
into  gelatinous  antimonate,  and  when  heated  to  200°  it  is  con- 
verted into  the  anhydrous  salt,  and  passes  at  300°  into  ordinary 
potassium  antimonate. 

Sodium  Mdantimonate.  Tlie  normal  salt  has  not  been  investi- 
gated. The  acid  sodium  mttanlivionatc,  remarkable  as  being  the 
only  insoluble  salt  of  sodium,  has  the  composition  HjNajSbjjOy  + 
6HjO,  and  is  quite  insoluble  in  cold,  and  dissolves  only  sparingly 
in  hot  water.    It  is  obtained  as  a  crj'stalline  precipitate,  which  ia 
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gradually  deposited  when  a  solution  of  the  potassium  metanti- 
inonate  is  added  to  a  sodium  salt.  This  compound  is  employed 
as  a  reagent  for  the  detection  of  sodium.  Even  when  a  solu- 
tion contains  only  01  per  cent,  of  sodium  salt,  a  srystalline 
powder  sejiarates  out  after  standing  for  twelve  hours.  Addition 
of  alcohol  facilitates  the  precipitation  ;  free  alkalis,  on  the  other 
hand,  retard  its  formation.  The  salts  of  lithium,  ammonium, 
and  the  metals  of  the  alkaline  earths,  give  pn^cipitatcs  with 
potassium  metantimonate,  and  hence  these  substances  must 
be  removed  from  solution  before  the  above  test  for  soilium  can 
be  applied. 

Normal  Ammonmm,  MdanJtimonntc,  (NH^)^SboOj,  is  oidy 
known  in  solution,  and  is  obtained  by  treating  the  acid  with 
ammonia.  When  alcohol  is  added  to  this  solution,  a  crystalline 
precipitate  of  II„(NII,)jSb207  +  5H„0  is  thrown  down,  and 
this  readily  undergoes  change  into  the  ordinary  antimonate. 

The  ordinary  antimonates  stand  in  the  same  relation  to  the 
meta-salts  as  the  raetaphosphates  stand  to  the  pyrophosphates, 
and,  therefore,  by  good  rights  tliey  should  thus  be  named. 
Tho  adoption  of  this  nomenclatuve  would,  however,  introduce 
confusion,  as  the  above  names  are  now  in  common  use. 

ANTIMONY  AND  CHLORINE. 

536  Antimony  Trichloride,  SbClj.  Unsil  Valentine  oaj 
"Take  of  fine  white,  well-sublimed  corrosive  sublimate,  and  of 
good  spiessglas  the  satiie  quantity.  Rub  these  up  together  and 
distil  them.  The  oil  which  comes  over  is  at  first  white,  and 
congeals  like  ice  or  clots  of  butter."  This  preparation  was 
termed  bitfynim  antinionii,  and  was  supposed  to  contain  quick- 
silver until  Glauber,  in  1648,  showed  that  this  was  not  the  case, 
inasmuch  as  it  could  be  pro])ared  by  distilling  spiessglas  with 
oil  of  vitriol  and  common  salt  or  hydrochloric  acid.  Several 
other  methods  of  preparation  may  be  mentioned,  as,  for  example, 
by  heating  sulphate  of  antimony  with  sodium  chloride,  as  well 
as  by  heating  an  excess  of  metallic  antimony,  or  its  sulphide,  in 
a  current  of  dry  chlorine. 

Antimony  trichloride  is  a  crystalline  mass,  melting  at  72°  and 
boiling  at  223°.  Its  colourless  vapour  has  a  specific  gravity  of 
81.  On  exposure  to  moist  air  the  solid  deliquesces  to  a  clear 
liquid,  and  this,  on  evaporation  over  sulphuric  acid,  yields 
crystals  of  the  anhydrous  chloride.     A  solution  of  the  chloride 


ANTIMONY  AND  CHLORINE. 


817 


^ 


is  best  obtained  by  boiling  the  sulphide  with  strong  hydrochloric 
acid.  When  tliis  is  distilled  in  a  retort,  water  conies  over  firsti 
next  the  excess  of  hydrochloric  acid,  and  lastly,  the  anhydrous 
chloride.  The  concentrated  solution,  which  has  a  specific 
gravity  of  1"35,  is  known  as  liquid  butter  of  antimony,  and  ia 
employed  for  giving  a  brown  surface  to  iron  and  steel  wares, 
such,  for  instance,  as  gun-barrels  (brown  Bess);  it  is  also 
sometimes  used  for  pharmaceutical  purposes.  The  anhydrous 
chloride  yields  with  dry  ammonia  the  brittle  white  compound, 


SbClj-NHj,  which. 


on  heating,   gives  off  ammonia.      It  also 


forms  soluble  crystalline  double  salts  with  a  variety  of  metallic 
uhlorides. 

537  r&wder  of  Algaroih.  If  the  acid  solution  of  the  chloride 
be  diluted  with  water,  a  white  precipitate  of  the  basic  chloride 
is  thrown  down.  This  precipitate  was  known  to  Basil  Valen- 
tine ;  and  Paracelsus,  who  employed  it  as  a  medicine,  states 
in  his  Archidoxa,  that  in  order  to  prepare  it,  corrosive  sub- 
limate is  to  be  distilled  with  antimony,  and  the  product 
co^;ulated  with  water,  when  the  mercurius  vita  is  obtained. 
Towards  the  end  of  the  sixteenth  century  it  was  much  em- 
ployed, especially  by  the  Veronese  physician,  Algarotus,  and 
tenued  by  liim  pulvis  angclicus,  although  it  has  been  generally 
known  as  powder  of  Algaroth.  The  presence  of  tartaric  or  free 
hydrochloric  acid  prevents  tiie  precipitation  of  this  substance. 
Its  composition  varies  according  to  the  method  of  its  prepara- 
tion. If  ten  parts  of  soUd  trichloride  are  mixed  with  seventeen 
parts  of  water,  and  allowed  to  stand  until  the  precipitate  has 
become  crystalline,  the  compound  SbOCl  is  deposited  in  small 
rhombohedrons.  These  may  be  washed  with  ether  in  order  to 
remove  the  excess  of  the  chloride.  The  same  compound  is 
obtained  by  heating  equal  molecules  of  the  trichloride  and 
absolute  alcohol  in  sealed  tubes  to  140°.  If  one  part  of  the  tri- 
chloride be  mixed  with  three  parts  of  water,  and  the  precipitate 
filtered  off  quickly  and  mixed  with  ether,  tiie  same  body  is 
obtained  in  the  form  of  an  amorphous  powder.  When  this 
substance  is  heated  the  trichloride  is  given  off,  and  the  oxy- 
chloride,  Sb405CIj,  remains  behind.  The  last-named  compound  is 
formed  as  an  amorphous  precipitate  when  the  chloride  is  mixed 
with  from  five  to  fifty  parts  of  water ;  on  standing,  it  gradually  be- 
comes crj'stalline,  forming  silky  prisms.  If  three  times  its  bulk 
of  hot  water  be  added  to  the  trichloride,  and  the  liquid  allowed 
to  stand  at  60°  for  some  hours,  crj'stals  are  obtained  resembling 
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soda-crystals,  which  also  possess  the  composition  Sb^OjClj.' 
When  larger  quantities  of  water  are  employed  still  more  bafdc 
chlorides  are  formed,  and  if  these  are  boiled  repeatedly  with 
water,  tliey  arc  converted  into  the  trioxide,  this  reaction  taking 
place  more  quickly  in  tlie  presence  of  sodium  carbonate.  If 
antimony  oxide  be  dissolved  in  boiling  antimony  trichloride,  a 
pearl-grey  crystalline  mass  is  obtained  on  cooling,  having  the  com- 
position SbOCl  -I-  VSbClj,  and  this  compound  yields  the  substance 
2SbOCl  +  SbjOj  on  treatment  with  absolute  alcohoL  Antimony 
trisulphide  in  a  similar  way  fonns  the  compound  SbSCl  + 
TSbCl,,  which  is  deliquescent,  and  is  converted  by  absolute 
alcohol  into  the  reddish -yellow  amorphous  compound  2SbSCl  -§- 
3SbjS3. 

538  Antimonj/ PcTitacJiloride,  fihCl^.'was  discovered  by  H.  Rose 
iu  1835,  and  is  prepared  by  the  direct  union  of  antimony  and 
chlorine,  which  takes  place  with  evolution  of  light  and  heat. 
It  is  also  readily  formed  by  saturating  the  fused  trichloride  with 
chlorine  gas.  Antimony  peutachloride  is  a  colourless,  fuming, 
disagreeably-smelling  liquid,  which  solidifies  in  a  freezing  mix- 
ture forming  crystals  melting  at  —  6°.  It  i.s  readily  volatile,  par- 
tially decomposing  on  distillation  into  chlorine  and  trichloride, 
and  is  highly  hygroscopic,  dissolving  to  a  clear  liquid  iu  a  small 
quantity  of  water,  from  which,  when  placed  over  sulphuric  acid, 
crystals  of  SbClj  +  4EjO  deposit.  An  excess  of  water  decom- 
poses it  with  formation  of  the  white  oxychloride,  SbOjCl,  which 
is  converted  by  hot  water  into  antimonic  acid.  Wlien  mixed  at 
once  with  a  large  excess  of  water  the  liquid  remains  clear. 
Tartaric  acid,  and  a  large  excess  of  hydrochloric  acid,  prevent 
the  precipitation  by  water.  As  it  easily  loses  chlorine,  antimony 
peutachloride  is  employed  in  organic  cliemistiy  for  the  chlorina- 
tion  of  many  Iwdies.  With  hydrocyanic  acid  it  forms  the  white 
crystalline  compound  SbCljj  -I-  3HCN,  which  volatilizes  under 
100°  witli  partial  decomposition.  It  also  forms  compounds  with 
various  chlorides,  such  as  SbClj-l-SClp  SbClj -(- PCI5,  SbClj-f- 
rOCl^;  these  are  solid  bodies. 

Antimony  OAijtricMoride,  ShOCl^,  is  obtained  when  the  penta- 
chloride,  well  cooled  with  ice,  is  mixed  drop  by  drop  with  the 
requisite  quantity  of  water.  Tt  is  a  yellow  crystalline  mass, 
which  deliquesces  on  exposure  to  moist  air.^  When  three  mole- 
cules of  antimony  pentachloride  are  heated  with  one  molecule  of 

'  SatMDajcw,  Zritseh.  Chrm.  1871,  20*. 
•  Daubrawa,  iiebi^t  ^niv.  clxxrvL  110. 
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pentoxide  to  140°,  two  oxychloridea  are  obtained,  viz.,  SbjOCljj 
and  SbjO^Clj,  which,  as  they  melt  at  dilTerent  temperatures,  can 
be  separated  one  from  the  other.  Tlio  first  is  a  white  crystal- 
line extremely  deliquescent  mass,  which  melts  at  85°,  whilst  the 


other  forms  yellowish  crj'stals,  which  melt  at  97°'5. 


I 


ANTIMONY  AND    BROMINE. 

539  Antimony  Tribromidc,  SbBvg.  Powdered  antimony  com- 
bines directly  with  bromine  witli  evolution  ol'  light  and  heat. 
The  tribromide  sublimes  in  colourless  deliquescent  needles,  which 
melt  at  95°,  and  boil  at  275° :  water  decomposes  it  with  forma- 
tion of  a  basic  bromide.  Another  method  of  preparation  con- 
sists in  lieating  an  excess  of  powdered  antimony  with  a  solution 
of  bromine  in  carbon  disulpliide ;  the  tribromide  thus  obtained 
on  evaporation  crystallizes  in  oetohedrons. 

A  peutabromide  does  not  exist. 


ANTIMONY  AND   IODINE. 

Aniimany  Triiodide,  Sbl,.  These  elements  combine  together 
directly  with  evolution  of  so  much  heat  that  if  large  quantities 
are  employed  explosions  may  ensue.  It  is  a  brownish-red 
crystalline  mass,  yielding  a  cinnabar-red  powder,  and  cr}'3tnl- 
lizing  in  six-sided  tablets  from  solution  in  hot  carbon  disulphide. 
On  heating  it  melts  to  a  garnet-red  liquid,  and  forms  a  violet- 
red  vapour,  which  at  a  higher  temperature  becomes  scarlet.  It 
sublimes  easily  at  a  temperature  slightly  above  its  melting-point, 
and  is  decomposed  by  water,  with  formation  of  a  yellow  oxy- 
L  iodide,  which  forms  crystalline  double  salts  with  the  various 
iodides. 

The  existence  of  a  penta-iodide  has  not  been  satisfactorily 
established. 


ANTIMONY  AND   FLUORINE. 

Antimony  Trijluoridc,  SbTj,  is  obtained  as  a  dense  snow-white 
mass,  by  distilling  antimony  with  mercuiy  fluoride.  If  a  solu- 
tion of  the  oxide  in  an  excess  of  hydrofluoric  acid  be  evaporated, 
the  fluoride  is  also  obtained,  iu  rhomliio  pjTamids.  It  is  deliques- 
cent, and  is  not  decomposed  by  water  ;  but  if  the  solution  be 
'  W,  Carleton-'Waiiams,  Journ.  Chen.  Soe.  1872,  122. 
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evaporated  witliout  an  excess  of  hydrofluoric  acid  a  basic  fluoride 
is  formed.  Antimony  trifluoride  forms  fine  crystalline  double 
salts  with  the  fluorides  of  the  alkali-metals  containing  cue  mole- 
cule of  the  trifluoride  to  one,  two,  or  tliree  molecule.^  of  the 
alkaline  fluoride. 

Aiitimony  Pcntafiuoride,  SbF^  is  obtained  by  dissolving  anti- 
monic  acid  in  hydroflaoric  acid.  On  evaporation  a  gummy  mass 
remains  which  is  decomposed  on  heating.  It  forms  with  tlie 
fluorides  of  the  alkali-metals  diSicultly  crystallizable  double 
salts.^ 


ANTIMONY  AND    SULPHUR. 


540  Antimony  Trisvlphide,  SbjSj,  occurs  crystallized  as  stibnite 
in  the  older  stratified  rocks.  This  is  the  most  important  ore 
of  antimony,  and  it  is  found  in  considerable  quantity,  occurring 
in  Cornwall,  Hungary,  Transylvania,  in  tlie  Banat,  in  the  Uarz, 
in  Westphalia,  in  the  Elack  Forest,  in  Bohemia,  in  the  Auvei^gne, 
in  Estrainadura.  Algiers,  Corsica,  Siberia,  Nevada,  New  Bruns- 
wick, and  especinlly,  in  large  quantities,  iu  Borneo.  It  cr)-3tal- 
lizea  in  prisms,  but  is  usually  found  in  columnar  or  striated 
masses,  which  soil  the  fingers  like  graphite.  It  is  easily  pul- 
verisabie,  and  readily  fusible,  and  ha.*?  a  specific  gravity  of 
4'62.  The  crude  siUpliide  occurring  iu  commerce  is  obtained  by 
melting  the  ore  in  the  manner  already  described,  and  is  sold  in 
rounded  masses  having  the  form  of  the  vessel  in  •whicli  the 
molten  sulphide  soUdifies.  It  has  a  metallic  histre,  steel-grey 
streak,  and  crystalline  fracture.  From  early  times  this  sub- 
stance has  been  long  used  in  the  East  under  the  name  of 
Kohl.  It  is  employed  in  medicine.  The  alchemists  occupied 
themselves  much  with  the  properties  of  this  body,  as  it  was 
used  for  the  purification  of  gold,  and  was  termed  judex  uUimu.i, 
or  lupits  mciaUorum.  Antimony  trisulphide  also  exists  in 
the  amoiphous  state,  and  in  this  form  was  known  to  Basil 
Valentine,  being  prepared  by  a  method  to  which  but  little  or  no 
attention  was  afterwards  paid.  He  states  that  crude  spiessglas 
may  be  sublimed  with  formation  of  a  red  body  wlien  it  is  mixed 
with  sal  ammoniacum.  In  this  way  antimony  chloride  and  am- 
monium sulphide  are  formed,  which  again  react  on  cooling, 
producing  the  original  compounds,  the  autimony  sulphide  sepa- 
>  Marignac,  Ann.  Cliem,  Pharm.  cxlr.  239. 
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rating  out  as  a  red  powder.  Glauber,  and  also  Lemery,  speak 
of  the  solution  and  the  subsequent  precipitation  of  the  spiess- 
glas  with  caustic  alkalis;  but  it  was  not  until  1714  that 
attention  was  directed  to  the  red  sulphide  of  autimony.  In 
the  above  year  a  Carthusian  monk  whose  life  had  been  de- 
spaireil  of  by  the  Paris  faculty,  was  saved  by  a  monk  of 
the  name  of  Simon  administering  to  him  a  medicine  which 
was  first  prepared  by  a  German  apothecary,  a  disciple  of  Glau- 
ber, and  which  was  bought  by  the  Parisian  apothecary  De  la 
Lig6rie.  This  was  soon  known  as  the  "  poudre  des  chartreux" 
or  Carthusian  powder.  Simon,  however,  gave  to  it  the  name  of 
Allcrmcs  miin-ral,  and  such  was  the  reputation  which  this  medi- 
cine enjoyed  that  the  French  Government  bought  the  receipt 
for  its  preparation  in  1720  from  De  la  Lig^rie.  Tlie  process 
consisted  in  boiling  the  spiessglas  with  potashes  and  allowing 
tlie  clear  solution  to  cool  when  the  keinies  was  deposited  as  a 
red  powder.  In  1728  Stabel  found  that  when  caustic  potash 
vas  employed,  a  red  powder  was  also  obtained,  wliich  Mender  in 
1738  showed  to  be  the  pure  kermes,  and  C.  J.  Geoffrey  in  1735 
proved  that  the  same  preparation  was  obtained  when  spiessglaa 
is  fused  with  carbonates  of  the  alkali-metals,  and  the  liver  of 
antimony  thus  obtained  boiled  with  water.  This  body  was 
believed  to  be  a  compound  of  antimony,  sulphur,  and  alkali, 
though  chemists  such  as  Baumi5  denied  that  it  contained  any 
alkali,  and  assumed  that  in  spiessghis  regulus  of  antimony  was 
combined  with  sulphur,  whilst  in  mineral  kermes  calx  of 
antimony  was  combined  with  sulphur.  Many  other  views  were 
held  couceraing  the  composition  of  this  compound  until  Hose 
in  1825,  and  Fucha  in  1833,  showed  that  mineral  kermes  is 
nothing  more  than  amorphous  antimony  sulphide. 

Various  methods  luay  be  employed  for  the  preparation  of 
mineral  kermes,  which  for  fifty  5'ear3  was  highly  prized  as 
a  medicine,  and  even  now  i.9  sometimes  employed.  All  these 
processes  yield  a  preparation  containing,  as  impurity,  vary- 
ing quantities  of  antimony  o.vide,  both  free  and  combined 
with  the  alkalis.  Hence  the  preparation  of  the  kermes  should 
be  carried  on  exactly  according  to  the  prescription  of  the 
pharmacopceia. 

In  order  to  prepare  the  amorphous  sulphide  free  from  oxide, 
the  crj'stalliue  compound  is  boiled  with  caustic  potash  in  absence 
of  air,  the  liquid  filtered  and  the  hot  diluted  solution  precipi- 
tated with  sulphuric  acid.  The  precipitate  is  then  waslied  with 
103 
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very  dilute  acid  and  afterwards  with  cold  water ;  and  to  remove 
any  oxide  whicli  may  be  present  it  is  heated  with  a  solution  of 
tartaric  aciiL  Thus  obtained  the  precipitate  becomes  anhydrons 
when  dried  at  100°  and  forms  a  reddish-brown  light  powder 
which  readily  soils  the  fingers.  This  is  more  soluble  in  hydro- 
chloric acid,  in  tlie  fixed  alkalis,  and  their  carbonates  than  the 
crystalline  compound  into  which  it  is  converted  on  fusion.  It 
may  also  be  obtained  by  pouring  fused  stibnite  into  an  excess 
of  cold  water.  It  then  forms  an  amorphous  lead-grey  mass 
which  appears  of  a  hyacinth-red  colour  when  seen  in  thin  films, 
has  a  specific  gravity  of  4  15,  and  when  triturated  is  converted 
into  a  dark  reddish-brown  powder. 

If  sulphuretted  hydrogen  be  passed  into  an  acid  solution  of 
the  trichloride  or  into  an  acidified  solution  of  tartar-emetic,  an 
orange-red  precipitate  of  amorphous  hydrated  sulphide  is  obtained 
which  on  diying  at  200°  becomes  anhydrous  and  black  On 
heating  in  a  current  of  hydrogen  the  trisulphide  is  reduced  to 
metal,  but  it  may  be  sublimed  without  decomposition  in  an 
atmosphere  of  nitrogen.  Crystalline  antimony  sulphide  is  used 
not  only  for  the  preparation  of  the  other  antimony  compounds, 
but  also  in  ppotechny,  and  for  tlie  preparation,  especially  in 
Sweden,  of  the  heads  of  lucifer  matches,  as  well  as  for  the  compo- 
sition used  for  firing  breechloading  fire-arms.  The  amoq)hous 
sulpliide  is  largely  used  as  a  means  for  vulcanising  caoutchouc,  to 
which  it  also  imparts  a  reddish-brown  colour. 

The  TlnoantimcnUcs  or  Livers  of  Antimony  are  formed  by 
the  combination  of  the  trisulphide  with  basic  sulphides.  Those 
of  the  alkali  metals  are  prepared  by  fusing  the  constituents  to- 
gether. They  are  brown  or  black,  and  when  they  contain  a 
large  quantity  of  basic  sulphide  they  are  easily  soluble  in  water, 
but  when  the  quantity  of  antimony  increases,  these  livers  of 
antimony  become  more  diflicultly  soluble,  and  at  last  insoluble 
in  M-ater.  The  same  compounds  are  formed  wiicn  the  trisul- 
phide is  dissolved  in  an  aqueous  solution  of  a  sulphide,  mixeil 
with  autimonite,  or  when  the  trisulphide  is  fused  with  the 
alkali  or  alkaUue  carbonate  : 

2SbjS,  +  4K0H  =  3KSbS,,  -i-  KSbO^  +  2B.fi.  V 

Acids  precipitate  the  amorphous  trisulphide  from  these  solutions, 
which  also  absorb  oxygen  rapidly  from  the  air.     Many  of  the  ■ 
thioantimonites  occur  as  minerals,  and  the  composition  of  these 
has  been  already  given. 
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541  AiUimony  Pentasidphidt,  SbjSj,.  This  compound  does  not 
occur  in  the  native  state.  Basil  Valentine  mentions  that  when 
spiessglas  is  boiled  with  strong  caustic  ley,  and  acetic  acid 
added  to  the  liquor  a  red  body  is  precipitated,  and  Quercetanus 
in  1603  mentions  in  his  pharraacopaMa  a  preparation  from 
'spiessglas  and  liver  of  sulphur  by  means  of  acids  terming  it 
sulphur  aniimonii  auratuin.  In  1054  Glauber  mentions  in  the 
"  pharmacopoeia  spagyrica "  the  preparation  obtained  by  preci- 
pitating the  slag  obtained  in  the  preparation  of  regulus  of 
antimony  by  means  of  acetic  acid,  and  recommends  this  pro- 
duct as  pnnacta  antimonialis  or  sulphur  purgam  nniversalc. 
This  preparation,  which  was  known  as  golden  sulphuret  of 
antimony,  soon  became  a  favourite  medicine.  It  was  obtained 
from  the  more  or  less  oxidized  solution  of  liver  of  antimony, 
containing  a  thioantimonate.  If  this  be  fractionally  precipitated 
by  hydrochloric  acid,  a  brown  kerraes  is  first  thrown  down  and 
afterwards  a  golden  coloured  sulphide,  which  has  therefore  been 
termed  sulphur  auralum  tciiice  prwcipiUdonis.  In  later  times 
stibnite  was  boiled  with  alkali  with  addition  of  sulphur  and  the 
solution  precipitated  with  acid.  At  the  present  day  pure  thio- 
antimonate is  lirst  prepared,  and  for  this  purpose  the  well- 
crystaUized  sodium  salt  is  employed  ;  this  is  dissolved  in  from  10 
to  60  parts  of  water  and  a  cold  mixture  of  3*3  parts  of  sulphuric 
acid  and  100  parts  of  water  is  gradually  added;  the  precipitate 
is  well  wEished  with  distilled  water  and  ilried  at  a  moderate 
temperature  in  the  dark. 

Antimony  peutasulphide  is  a  fine  yellowish-red  powder 
easily  soluble  in  aqueous  alkalis  and  their  sulphides,  and  also, 
in  absence  of  air,  in  warm  ammonia.  It  likewise  dissolves  in 
the  carbonates  of  the  alkali  metals,  but  not  in  carbonate  of 
ammonia.  Heated  in  absence  of  air  it  decomposes  into  the 
trisulphide  and  sulphur,  and  when  boiled  with  hydrochloric 
acid  sulphur  separates  out,  sulpluiretted  hydrogen  is  evolved, 
and  the  trichloride  is  found  in  solution. 

Sodium  Thioantimonate,  Na^SbS^  -f-  SHjO.  This  is  termed, 
from  the  discoverer,  SchUppc's  salt,  and  is  obtained  by  dissolving 
tlie  trisulphide,  sulphur,  and  caustic  soda  or  a  mixture  of  soda 
ash  and  lime,  in  the  requisite  quantity  of  water ;  or  by  fusing 
together  IG  parts  of  anhydrous  sodium  sulphate,  13  parts  of 
stibnite,  and  5  parts  of  carbon,  dissohing,  and  boiling  the  solu- 
tion with  25  parts  of  sulplmr.  It  crystallizes  in  large  colourless 
or  yellow  regular  tetrahedrons  which  have  an  alkaline  reaction 
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and  a  saline  cooling  bitter  metallic  taste  resembling  that  of 
liver  of  sulphur.  It  dissolves  at  15°  in  29  parts  of  water  and 
is  precipitated  from  aqueous  solution  by  alcohol.  The  hydrated 
crystals  on  exposure  to  moist  air  soon  become  covered  with  a 
kennes-coloured  coating,  and  heated  in  absence  of  air  water  is 
given  off  and  the  anhydrous  salt  formed.  This  fuses  at  a  dark 
red-heat  yielding  on  solidification  a  brown  soluble  mass. 

Potassium  Thioantimonate,  KjSbS^  +  9HjO,  is  prepared  in  a 
similar  way  to  the  sodium  salt  and  forms  deliquescent  ciystala. 

Barium  27iioantitiionutc,  'Ba^(iyhS^),  +  GHoO,  is  prepared  by 
dissolving  the  freshly  precipitated  golden  sidpliide  of  antimony 
in  barium  inonosulpliide  and  precipitating  by  alkali.  In  this 
way  groups  of  stellated  needles  are  obtained. 

The  cakiiim.  salt  is  prepared  in  a  similar  way  and  is  thrown 
down  as  an  oily  liquid  on  addition  of  alcohol. 

The  tliioautimonates  of  the  other  groups  are  almost  entirely 
insoluble  in  water  and  are  obtained  by  double  decomposition 
between  their  soluble  salts  and  sodium  thio;intimonate.  They  are 
yellow,  red,  brown,  or  black  precipitates. 

542  Antimony  Oxysulphide,  SbSjO,  is  found,  together  with 
stibnite,  as  kermesite  or  antimony  blende  in  needle-shaped  crystals 
or  thin  six-sided  prisms  which  have  a  cherry-red  colour  and  an 
ahnost  metallic  lustre.  The  same  corapoimd  is  obtained  as  a 
reddish-brown  powder  by  adding  antimony  trisulphide  to  fused 
antimony  iodide,  and  treating  the  mass  with  dilute  hydrochloric 
acid  when  a  dark  reddish-brown  lustrous  powder  of  antimony 
thioiodide,  SbSI,  remains  behind,  and  this,  when  boiled  with 
water  and  oxide  of  zinc,  is  converted  into  the  oxysulpliide. 

A  compound  probably  having  the  same  composition  is  known 
as  antimony  cinnabar,  and  is  obtained  by  warming  a  solution  of 
the  trichloride  with  sodium  tliiosulphate.  Tliis  substance  is 
used  in  oil-painting  as  well  as  in  water-colour  painting  and  aa 
a  distemper. 

Both  the  following  preparations,  which  were  first  described 
by  Basil  Valentme  and  were  formerly  made  use  of,  also  contain 
antimony  oxysulphide. 

Glass  of  Antimony  or  vitrum  antimonii  is  obtained  by  fusing 
oxidized  stibnite  with  a  small  quantity  of  tlie  sidphide.  It 
forma  a  transparent  dark  ruby-red  mass,  formerly  hwgely  em- 
ployed for  obtaining  the  other  antimony  compounds,  but  now, 
however,  only  used  for  imparting  a  yellow  tint  to  glass  wid 
porcelain. 
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intimonial  Saffron  or  crows  antimonii.    If  stibnite  be  deflag- 
rated with  a  quantity  of   saltpetre  insufficient  for  complete 
oxidation,  a  brownish-yellow  powder  is  obtained  on  lixiviation 
hich  wlien  heated  melts  to  a  yellow  glass. 
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543  Antimony  Triscknulc,  Sb^Scj,  is  formed  wlien  the  two 
elements  are  fused  together,  a  metallic  lead-grey  cry-stalline  mass 
l^eing  produced.  When  selenium  hydride  is  passed  into  a 
solution  of  taitar  emetic,  the  same  compound  is  precipitated  as 
black  pow'der. 

Antimonif  Pfntasclenide,  SboSej,  is  precipitated  as  a  brown 
powder  by  adding  dilute  sulphuric  acid  to  a  solution  of  sodium 
leno-antimonate. 

Sodium  Sclcno-antimonate,  IsragSbSe4+ !lllj,0,  is  isomoi-phous 
•with  the  corresi)onding,  thio-antimonate,  and  is  olitained  by 
fusing  together  4  parts  of  sodium  carbonate,  G  parts  of  anti- 
lony  triselenide,  3  parts  of  selenium,  and  1  of  charcoal.  The 
fused  mass  is  boiled  out  with  water  in  absence  of  air  and  the 
filtrate  covered  with  a  layer  of  strong  alcohol.  The  salt  separates 
out  after  some  time  in  orange-red  transparent  tetrahedrons  which 
are  soluble  in  two  parts  of  cold  water  and  become  red-coloured  on 
exposure  to  air,  with  separation  of  solenium.  When  a  solution 
if  Schlippe's  salt  is  boiled  with  selenium,  filtered,  and  the  solu- 
tion concentrated  in  absence  of  air,  yellow  tetrahedrons  of 
Na^SbSeSs  +  Qllfi  are  deposited. 

Antimony  and  tdhtrium  when  fused  together  yield,  according 
to  the  projwrtions  employed,  either  an  iron-grey  metallic  lustrous 
mass,  or  a  tin-white  antimonij  trifellaride. 

If  phosphonis  be  added  to  fused  antimony,  a  tin-white  phos- 
phide of  antimony  is  obtained  which  "when  heated  in  the  air 
burns  with  a  greyish  flame. 

Antimony  combines  directly  with  arsenic.  The  compound 
fSbjAs,  occurs  as  allemontite  in  reniform  or  amorphous  masses 
hariDg  a  metallic  lustre. 
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Medicinal  Uses  of  Antimony. 

544  As  we  have  seen,  various  antimony  preparations  are  nsed 
as  important  medicines.  Basil  Valentine  was  the  first  to  employ 
tliese  for  inward  use,  and  his  example  was  followed  by  Paracelsus 
and  other  iatro-chemists,  mauy  of  whom  worked  diligently  on 
antimony  and  its  compounds.  The  disciples  of  the  old  Galenic 
school  were  violently  opposed  to  the  introduction  of  the  anti- 
mony compounds  into  medicine,  and  tliey  succeeded  in  inducing 
the  Paris  Parliament  in  1566  to  prohibit  the  use  of  antimony 
and  its  compounds  by  all  physicians  on  pain  of  having  their 
licenses  withdrawn.  In  1603  the  medical  faculty  of  Paris  took 
a  similar  step,  and  this  decree  was  not  withdrawn  until  the  year 
1G66. 

Sletallic  antimony  itself  was  at  one  time  employed  for  the 
preparation  of  golilets  in  which  wine  was  allowed  to  stand 
over-night  in  order  that  it  might  be  used  as  an  emetdc ;  but 
this  practice  fell  into  disuse  even  during  Boyle's  time.  Pills 
made  of  metallic  antimony  were  employed  at  a  later  period ; 
these  were  termed  everlasting  pills,  because  they,  like  tlie 
goblets,  were  believed  only  to  act  by  contact  and  not  to  lose 
their  weight.  This  error  was  first  combated  by  Lemery  and 
Vigani,  a  Veronese  quack  doctor  who  Jived  in  England,  and 
they  showed  that  both  antimony  and  fused  stibuite  became 
acted  upon  when  placed  in  contact  with  wine. 

Whilst  formerly  a  large  number  of  antimony  compounds 
were  employed  in  medicine,  the  only  ones  wliich  are  used  at 
the  present  day  are  tartar  emetic  or  potassium  antimonyl 
tartrate,  C4H^K{SbO)09;  and  the  trisulphide  or  anlimonium 
»ulphuratum.  The  first  compound  is  given  in  doses  of  -jV  to 
I  of  a  grain  as  a  diaphoretic,  and  from  1  to  2  grains  us  an 
emetic.    The  dose  of  the  second  is  from  1  to  5  grains. 

In  larger  doses  it  produces,  like  white  arsenic,  violent  irrita- 
tion in  the  intestines,  vomiting  and  purging.  WTien  one  large 
dose  only  is  administered,  the  case  proceeds  rapidly  to  recovery 
or  death,  the  former  generally,  if  the  case  is  placed  early  under 
proper  treatment,  and  in  this  respect  acute  antimonial  is  dis- 
tinguished from  acute  arsenical  poisoning. 

In  cases  of  chronic  antimonial  poisoning  the  principal  symp- 
toms are  great  nausea,  vomiting  of  mucous  and  bilious  liquids, 
great  depression,  purging,  and  finally  death  from  complete  eji- 
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haustion.  Several  cases  have  occurred  in  this  country  to  show 
that  tartar  emetic  has  been  thus  criminally  aud  fatally  used 
(Taylor). 
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Detection  and  Estimation  of  Antimony. 

545  When  a  small  quantity  of  an  antimony  compound  is  heated 
in  the  upper  reduction  zone  of  a  Bunsen  burner  on  a  thread  of 
asbestos  the  flame  becomes  of  a  bluish  tinge,  and  when  a  small 
porcelain  basin  tilled  with  cold  water  is  held  above  it  a  brownish- 
black  deposit  of  metallic  antimony  is  found  upon  the  basin,  and 
this  is  but  slightly  attacked  by  cold  nitric  acid,  and  is  insoluble 
in  sodium  hypochlorite.  Arsenic  gives  a  very  similar  reaction 
(see  Vol.  I.  p.  539),  but  this  may  be  distinguished  from  antimony 
by  the  fact  that  during  the  reduction  a  garlic-like  smell  of 
arsenic  is  noticed,  and  the  metallic  film  is  readily  soluble  iu 
sodium  hypochlorite.  If  an  antimony  compound  be  heated  on 
a  carbonized  match,  a  brittle  metallic  bead  is  obtained,  whilst 
arsenic  is  completely  volatilised.  Most  of  the  antimony  com- 
pounds are  insoluble  in  water,  but  dissolve  in  hydrochloric  acid. 
Those  which  do  not  thus  dissolve  may  be  nlit.aiued  in  solution 
by  fusion  with  carbonate  of  potash  and  siiltpetre,  and  subse- 
quent solution  in  hydrochloric  acid.  Sulphuretted  hydrogen 
produces  in  acid  solutions  a  very  characteristic  orange-red 
coloured  precipitate  of  antimony  trisulpliide.  If  other  metals 
precipitable  by  sulphuretted  hydrogen  be  present,  the  mixed 
sulphides,  after  washing,  are  treated  witli  ammonium  sidphide, 
filtered,  and  the  filtrate  acidified  with  hydrochloric  acid.  Tliis 
precipitate  may  contain,  together  with  antimony,  the  sulphides 
of  liji  and  arsenic.  The  latter  metal  is  removed  by  digestion 
with  fri'shly-prepared  solution  of  carbonate  of  ammonia,  and 
washing  the  residue  with  water.  This  is  then  brouglit  into  solu- 
tion by  heating  with  hydrocldoric  acid,  and  the  hquid  is  placed 
in  a  platinum  dish  containing  a  few  pieces  of  zinc,  when  the 
antimony  is  deposited  upon  the  platinum  as  a  black  adherent 
coating,  whilst  the  tin  separates  out  on  the  zinc  in  the  form 
of  a  dull  grey  powder.  This  spongy  tin  readily  dissolves  in 
hot  hydrochloric  acid,  whilst  the  deposit  of  antimony  does  not 
do  so,  but  is  readdy  soluble  in  nitric  acid.  If  the  nitric  acid 
solution  be  evaporated  witli  some  hydrochloric  acid,  diluted  with 
water,  and  treated  with  sulphuretted  hydrogen,  tlie  characteristio 
precipitate  of  antimony  sulpliide  is  obtained. 
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Arsenic,  antimony,  and  tin  may  also  be  separated  by  bringing 
their  hydrocliloric  acid  solution  into  a  Marsh's  apparatus,  and 
passing  the  gas  which  is  evolved  through  a  solution  containing 
silver  nitrate  when  a  precipitate  of  silver  antimonide,  SbAgj, 
and  of  metallic  silver  is  thrown  down,  the  whole  of  the  arsenic 
remaining  in  solution,  whilst  the  tin  is  found  in  the  metallic 
state  precipitated  uponthe  zinc  in  the  evolution  flask. 

Antimony  trichloride  gives  a  spark-spectrum  containing  the 
fallowing  lines  mentioned  in  order  of  their  relative  brightness 
(Lecoq  de  Boisbaudran) : 


6002 


^  5568        7  6127        S  6077. 


Antimony  is  iisually  estimated  either  as  the  sulphide  or  tlw 
tetroxide.  In  the  first  case  it  is  obtained  as  a  hydrated  pre- 
cipitate, wliich  may  also  contain  .sulphur  and  pentasulphide.  It 
is  necessary,  tlierefore,  to  dry  this  at  100°,  to  weigh  it,  and  to 
bring  a  known  fraction  into  a  porcelain  boat  contained  in  a 
glass  tube.  Through  the  tube  dry  carbon  dio.xide  is  passed,  and 
the  sulphide  heated,  the  pure  anhydrous  trisulphide  remaining 
behind.  Bunsen,  however,  prefers  to  determine  antimony  as  the 
pentasulphide,  according  to  a  method  which  will  be  described 
hereafter,  by  means  of  which  it  can  be  completely  separated  from 
any  arsenic  with  which  the  antimony  may  be  associated. 

The  quantitative  separation  of  antimony  from  other  metals, 
with  the  exception  of  arsenic  and  tin,  does  not  exhibit  any 
difficulty.  Should  these  three  elements  be  present  together 
their  sulphides  must  be  first  converted  into  oxide  by  treatment 
with  nitric  acid,  and  these  fused  for  some  time  with  eight  times 
their  weight  of  caustic  soda.  The  cooled  mass  is  next  allowed 
to  soften  in  hot  water  until  the  sodium  metantimonate  has 
separated  out  as  a  white  powder,  and  then  one  volume  of 
alcohol  of  specific  gravity  083  is  added  for  every  three  volumes 
of  the  liquid.  After  standing  for  some  time  the  liquid  is 
filtered  and  the  precipit-ate  well  washed  with  dilute  alcohol, 
to  which  at  liist  some  caustic  soda  is  added.  The  filtrate  con- 
tains the  stannate  and  arsenate,  whilst  the  whole  of  the  anti- 
mony is  contained  in  the  residue,  and  this  is  converteil  in  the 
usual  way  into  the  sulphide  (H.  liose). 

The  separation  of  antimony  from  arsenic  which  hitherto  was 
difficult  and  unsatisfactory,  has  lately  been  simplified  and 
rendered  easy  by  Bunsen.  The  moist  and  well  washed  mixture 
of  sulphides  obtained  by  precipitation  with  sulphuretted  hydrogen 
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is  dissolved  on  the  filter  by  an  excess  of  caustic  potash,  and  the 
diluted  solution  heated  with  clilorine  until  all  the  free  alkali 
has  been  combined.  The  excess  of  chlorine  is  then  got  rid  of 
by  repeated  evaporation  with  hydrochloric  acid,  the  solution 
diluted,  and  this  heated  with  a  freslily  prepared  solution  of 
sulphuretted  hydrogen  until  all  tlie  antimony  is  precipitated. 
A  rapid  current  of  air  is  then  passed  through  the  li<juid  in  order 
to  expel  the  excess  of  sulphuretted  hydrogen,  and  the  precipitate 
•washed  first  with  water,  then  with  alcohol,  and  at  last  repeatedly 
with  carbon  disulphide,  in  order  to  remove  free  sulphur.  After 
drying  at  110°  pure  pentasulphide  of  antimony  remains,  and 
this  is  aft^rwanls  weighed.  The  arsenic  in  the  filtrate  may  be 
estimated  by  subsequent  continued  treatment  with  sulphuretted 
hydrogen  when  the  pentasulphide  is  precipitated,  and  treated  as 
above  described. 

546  Atoviic  Weight.  The  number  12(1  found  by  Berzelius  was 
long  assumed  to  be  correct,  nntil  Schneider's  *  experiments 
proved  that  120  was  nearer  the  truth.  At  a  later  date  Dexter* 
again  determined  the  atomic  weight  by  converting  the  metal 
into  the  tetroxide.  In  ten  experiments  in  which  from  1'5  to  3'3 
grams,  were  taken,  he  found  that  100  parts  of  the  oxide  contain 
from  7y'286  to  7'J253,  or  in  mean  7ll'2C6  parts  of  metallic 
antimony.  Hence  the  atomic  weight  122  is  obtained,  and  the 
suKsequent  experiments  of  Dumas  ■'  and  of  Kessler  *  confirm  this 
result.  General  considerations  also  lead  to  the  conclusion  that 
this  numlier  is  the  most  probable,  for,  as  has  already  been  men- 
tioned under  titniiium.the  difference  l>etween  the  atomic  weights 
of  analogous  elements  remains  nearly  the  same.  In  this  case 
we  have : 


Sn=   64-9 
Cd  =  llir, 


A8=    74-9 

Sb=122'0 


Br=    79-75 
I  =  126-53 


On  the  other  hand,  it  must  be  mentioned  that  a  very 
accurate  series  of  experiments  has  recently  led  J.  P.  Cooke* 
to  the  conclusion  that  1 20  is  the  true  atomic  weight  of  antimony 
when  that  of  sulphur  is  32. 

'  Pogii.  Ann.  xey\\\.  293.  =  Pngg.  Ann.  c.  563. 

*  Pogg.  Ann.  cxiii.  H5.  *  Aim.  Chirn.  Phijs.  [31,  It.  129. 

»  Sill.  Amer.  Juuin.  [3],  xv.  41  and  107. 
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BISMUTH,  Bi  -  210. 


547  Tlie  -word  marcasiie  by  which,  up  to  recent  times  the 
metal  bismuth  was  often  designated,  is  found  in  the  authors  of 
the  tliirteenth  century.  Hence  it  has  been  supposed  that  this 
metal  was  known  at  that  time.  This  is,  however,  not  the  case, 
for  the  name  marcasite  had  in  those  days,  and  even  at  a  muck 
later  period,  a  ver}'  indefinite  meaning,  being  given  to  any  ore 
which  had  a  metallic  appearance,  and  especially  to  those  ores 
which  are  now  classed  as  pyrites. 

Metallic  bisuiuth  was  first  described  by  Basil  Valentine  in 
his  Last  Testament :  "  Antimoniura  must  be  placed  between  tin 
and  lead,  as  bismuth  or  magnesia  is  placed  under  and  between 
tin  and  iron,"  and  he  also  states  that  "  bismuth  or  marcasite  is  a 
bastard  jork."  In  the  following  century  bismuth  was  classed 
by  Paracelsus  amongst  the  semi-metals.  On  the  other  hand, 
Agricola  mentions  hiscviutum  or  pbimhum  cinermm,  as  a  true 
metal  which  is  usually  added  to  tin  in  order  to  make  it  work 
better.  Notwithstanding  this  clear  statement,  it  was  sub- 
sequently confounded  by  Lilmvius  with  antimony,  and  by 
Lemery  witli  zinc.  Pott,  in  17;i9,  was  the  first  to  make  us 
acquainted  with  the  special  properties  of  bismuth,  and  its  re- 
actions were  exactly  studied  by  Bergman. 

Bismuth  is  a  comparatively  rare  metal.  It  is  found  chiefly 
in  the  native  condition,  but  also  as  the  oxide  or  bismuth  ochre, 
BijOj ;  less  frequently  it  occurs  as  bismuthite,  Bi^S,,  whilst  it 
is  found  still  more  sparingly  in  the  following  minerals  :  telluric 
bisumth,  or  tetradymite,  BijTej ;  emplectite,  CujBi^S^ ;  bismutite, 
3(BiO)X03+  2Bi(OH)3+  SHjO;  aikinite,  (PbCuJaBi^S,;  piiche- 
rite,  BiVO^ ;  euljiine  or  bismuth  silicate,  Bi^(.Si04)j,  &c. 

Professor  Winckler  of  Freiberg  •  has  recently  published  an 
interesting  pajier  on  the  smelting  of  bismuth  and  its  uses  in 
the  arts,  from  which  we  make  the  following  extracts. 

The  chief  sources  of  bismuth  are  the  Saxon  smalt  works,  in 
Obei"schlema  and  in  Pfanneustiel,  where  the  bismuth  occurs  at 
Schneebcrg.  Formerly  bismuth  was  obtained  by  simply  heat- 
ing the  ore  in  sloping  ii'on  tubes.  In  this  way  merely  that  portion 
of  the  metal  present  in  the  native  state  was  obtained,  and  this 
only  in  a  very  incomplete  manner.     The  residue  was  employed 

'  Bcr.  Entw.  Che jn.  Jnd.  i.  953. 
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in  the  manufacture  of  smalt,  and  the  bismuth  again  extracted 
from  the  cobalt-speiss.  At  tlie  present  day  all  bismuth  ores  are 
roasted  and  afterwards  smelted  in  the  pots  of  the  smalt-fumacea 
with  the  addition  of  iron,  carbon,  and  slag.  Two  layers  are 
thus  obtained,  the  upper  one  consisting  of  the  cobalt-sptiss,  the 
lower  being  almost  pure  bismutli,  whicli,  owing  to  its  low  melting- 
point,  can  be  drawn  off  in  the  liquid  state  after  tlie  upper  layer 
of  speiss  has  solidified,  The  crude  bismuth  thus  obtained,  only 
contains  small  traces  of  irou,  cobalt,  nickel,  lead,  silver,  sul- 
phur, and  arsenic,  and  is  purified  by  melting  it  on  a  slightly 
inclined  iron  plate,  under  wbich  a  wood  fire  is  made,  so  that 
the  bismuth  melts  and  runs  down.  In  tliis  way  almost 
chemically  pure  refined  bismuth  is  obtained ;  it  is  then  cast 
into  semi-circular  moulds  in  masses  weighing  from  10  to  12 
kilos.,  and  thus  sent  to  market.  In  Freiberg,  where  ores  of 
lead  and  silver  containing  bismuth  are  worked,  the  bismuth 
collects  as  an  oxide  in  the  refining  of  the  silver  in  the  slagtor 
h/irlsiRKr.  Tliis  often  contains  from  5  to  20  per  cent,  of 
bismuth,  which  is  tlien  extracted  by  solution  in  cold  hydro- 
chloric acid,  and  the  solution  diluted  with  water,  until  it 
becomes  turbiil  Tlie  liquors  are  allowed  to  stand  till  clear, 
and  then  a  sufficient  quantity  of  water  added  to  precipitate  the 
whole  of  the  bismuth  as  basic  salt.  This  is  then  fused  with 
Boda-a.'.h  and  coal,  and  the  fused  metal  cast  into  bars. 

In  Altenburg,  bismuth  is  also  obtained  in  tlie  wet  way  from 
the  roasted  tin  slags,  and  in  France  the  ore  occurring  at  Meymnc 
is  treated  with  hydrochloric  acid,  the  bismuth  precipitated  by 
iron,  and  afterwards  reduced  by  carbon.  Bismuth  was  also 
formerly  reduced  at  Joachimsthal,  but  now  the  ore  is  sent  to 
Saxony  to  be  smelted. 

A  considerable  amount  of  foreign  bismuth  is  worked  up  in 
England  at  tbe  Magnesium  Works  at  Patricroft.  Some  comes 
from  Adelaide  in  Soutli  Australia,  some  from  Piolivia  and  Peru. 
The  ore  there  occurs  very  high  up  in  tbe  Andes.  Tlius  one 
Peruvian  ore  containing  5  per  cent,  of  tellurium  occurs,  accord- 
ing to  David  Forbes,  at  an  elevation  two-thirds  that  of  Illampu, 
the  highest  point  of  the  chain  of  25,000  feet ;  and  a  bismutli 
sulpliide  containing  antimony  is  found  in  Bolivia,  at  a  height 
of  19,000  feet,  near  the  mountain  Chovolque  in  the  province 
of  Chichas. 

The  total  production  of  bismuth  amounts  to  about  25,000 
kilograms  per  annum.     Of  this  about  18,000  kilos,  come  bom 
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Saxon  works ;  2,500  from  Freiberg ;  2,500  from  England ;  1,500 
from  Johanngeorgenstadt,  and  500  from  Altenberg.  The  quantity 
obtained  in  France  from  1867  does  not  appear  to  amount  In 
above  a  few  liundreds  of  kilos.  The  composition  of  commercial 
bismuth  is  seen  from  tbe  following  table : 


Analyses 

of  Commerditl  Bismnth. 

Snxon 
Bismuth. 

BiBmnth  from 
Joai-]itm8thiil. 

PtTuvian 
BUmnth. 

Bismuth  .     . 

99-77 

99-32 

93-37 

Iron     .     .     . 

Copper     .     . 

trace 
008 

trace  \ 
trace    ' 

2-058 

Lead    .     .     . 

— 

0-30 

— 

Silver .     .     . 

0-05 

0'38 

— 

Antimony     . 
Tin     .    .    . 

— 

1} 

4-57 

Sulphur  .    . 

010 

— 

— 

Bismuth  which  contains  one  or  more  per  cent,  of  lead  melts 
at  a  much  lower  temperature  than  pure  bismuth.  Such  an 
impure  metal  exhibits  on  cooling  the  peculiarity  tliat  the  solid 
crust  of  pure  crystallized  bismuth  is  seen  to  be  broken  through 
by  drops  of  a  liq^uid  alloy.  On  the  otiier  hand,  if  bismuth 
contains  silver,  the  portious  which  cool  first  contain  most  of  the 
silver,  whilst  the  liquid  which  remains  is  ne.irly  pure  bismuth. 

548  Native  hismuih  is  sometimes  found  nearly  pure.  T'sually, 
however,  it  contains  other  metals  alloyed  with  it,  or  it  is  mixed 
with  a  variety  of  ores.  The  table  on  the  next  page  gives  analyses 
of  native  bisrautk 

Wlien  bismuth  is  required  for  pharmaceutical  purposes  it  is 
necessary  to  separate  traces  of  arsenic  which  it  sometimes  con- 
tains. For  this  purpo.se  it  is  melted  with  nitre  or  other  oxidizin.i; 
agent.  The  same  end  may  be  attained  by  fusing  it  with  cream 
of  tartar  in  a  carbon  crucible,  when  an  alloy  of  potassium  and 
bisnnitli  is  fomied.  The  potassium  in  this  alloy  oxidizes  first, 
and  the  whole  of  the  arsenic  as  well  as  a  portion  of  the  silver 
is  oxidized  at  the  same  time.  Herapath,*  who  found  a  small 
quantity  of  thallium  in  certain  bismuth  preparations,  recom- 

•  Fliarmactutical  Journal,  xy.  302. 
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mends  that  the  bismuth  salts  which  are  to  bo  employed  for 
medicinal  purposes  should  be  boiled  with  caustic  soda  solution, 
Uie  residue  well  washed  with  water,  dissolved  in  nitric  acid,  and 
the  basic  nitrate  precipitated  by  the  addition  of  an  excess  of 
water.  From  this  the  other  preparations  of  the  metal  can  be 
obtained. 


A 

nalysc3  of 

Kaiitc  Bismuth. 

Locality .     , 

Peru. 

Dnkk 
iuSw 

mlein 
eden. 

Analyst .     . 

Gontb. 

Forbes. 

Cleve. 

Feilitzcn. 

Bismuth    . 

39-914 

94-46 

9516 

9115 

Iron     .     . 

trace 

— 

1-80 

403 

Copper 

— 

— 

trace 

trace 

Gold    .     . 

— 

trace 

— 

— 

Sulphur    . 

— 

0-07 

1-42 

2-28 

Tellurium , 

0-042 

509 

— 

— 

Arsenic     . 

— 

0S8 

— 

Silica  .    . 

— 

— 

0-23 

0-34 

549  Properties.     Bismuth  is  a  hard  brittle  metal,  ha^^^g  a 
dght  metallic  lustre,  a  greyish-white  colour,  with  a  distinctly 
idish  tinge.     Its  specific  gravity  at  12°  is  9823 :  it  melts  at 
170°,  and  expands  in  the  act  of  solidification.    At  a  very  high 
iperature  it  can  be  distilled  in  a  current  of  hydrogen,  and  it 
alatili^s  in  the  arc  of  a  powerful  battery.     When  a  large 
|uantily  is  melted,  allowed  slowly  to  cool  until  the  surface 
egins  to  solidify,  the  crust  then  broken,  and  the  liquid  metal 
jured  out,  fine  large  crystals  are  obtained.     These  are  obtuse 
bombohedrons  which  have  the  appearance  of  cubes  as  their 
iles  approach  closely  to  90°.     They  oxidize  in  the  air,  and 
equently  become  covered  with  an  iridescent  film  of  oxide.  The 
ime  colours  may  be  obtained  when  the  metal  is  melted  in  the 
air,  but  if  the  heat  be  continued,  the  metal  gradually  becomes 
Itogether  converted    into  oxide,  and  at  a  red-heat  steam  is 
Bwly   decomposed  by  bismuth.     This  metal  combines  also 
Erectly  with  the  elements  of  the  chlorine  group,  but  hydro- 
lone   and  sulphuric  acids  do  not  act  upon   it  in   the  cold. 
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The  latter  acid,  however,  dissolves  it  on  heating,  with  evolntioo 
of  sulphur  dioxide.  But  the  best  solvents  for  bismuth  are 
nitric  acid  and  aqua-regia,  both  of  whicli  dissolve  the  inetal 
readily  in  the  cold. 

550  Fimhle  Metal.  Bismuth  serves  for  the  preparation  of  many 
pharmaceutical  products  and  cosmetics.  A  considerable  quan- 
tity is  also  employed  in  the  preparation  of  fusible  metal,  the 
melting  point  of  which  can  be  altered  according  to  the  propor- 
tions of  its  constituents.  Tlie  following  table  gives  the  com- 
position and  melting-point  of  some  of  these  : 


Newton's 
Metal. 

Kose's 
MeUl. 

Lichten- 
berg'sMetoL 

Wood'» 
Meul. 

Bismuth   . 

8 

2 

5 

4 

Lead     .    . 

5 

1 

3 

2 

Tin  .    .     . 

3 

1 

2 

1 

Cadmium  . 
Melting-point 

0 

0 

0 

1 

g-t'-s 

gs-'TS 

9r-6 

60'-5 

Tlie  melting-point  can  be  still  further  reduced  by  the  addition 
of  mercury.  Fusible  metal  is  now  largely  used  for  stereotj'ping, 
obtiining  copies  of  wood-cuts,  &c.,  and  is  not  only  valuable  on 
account  of  its  low  melting-point,  but  also  because  it  e.xpnuiis 
considerably  in  the  act  of  sohdificatiou,  and  thus  giving  a  perfect 
cast,  and  it  is  important  to  make  tlie  cast  when  tlie  metal  is  so 
far  cooled  that  it  is  beginning  to  be  \iscid.  If  any  of  these 
liquid  alloys  be  poured  into  a  glass  vessel,  this  flies  to  pieces 
when  the  metal  cools.  Bismuth  is  also  used  in  the  manufacture 
of  solder,  and  the  soldering  can  be  effected  under  hot  water 
■when  a  few  dn)[)S  of  liydrochloric  acid  have  been  added.  Alloys 
of  lead,  tin,  and  bismuth  mLxed  together  in  such  proportion  that 
the  mixture  fuses  at  some  particular  temperature  above  10i»' 
serve  as  safety  plugs  for  boilers.  As  soon  as  the  steam  reaches 
the  pressure  which  corresponds  to  the  melting-point,  the  plug 
gives  way,  and  the  steam  escapes.  Bismuth  alloys,  melting  at  a 
given  temperature  are  used  for  tempering  steel ;  the  pencils  used 
for  writing  on  the  so-called  metallic  paper  likewise  consist  of  au 
alloy  of  bismuth. 
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BISMUTH  AND  OXYGEN. 


551  These  elements  unite  together  to  form  tlie   follow-ing 
compounds : 


Bismuth  dioxide, 
Bismutli  trioxide. 
Bismuth  tetroside, 


BijOj. 
Bi,0,. 


Bismuth  pentoxide,  BijOj. 


Bismuth  Diomfc,  Bi.,Oj,  is  formed  when  the  metal  is  heated  not 
quite  to  its  melting-point  in  the  presence  of  air.  It  is  obtained 
in  a  purer  state  when  bismutli  trioxide  and  tin  dichloride  are 
added  together  in  molecular  proportions,  and  the  mixture  dis- 
solved in  hydrochloric  acid,  tlie  acid  solution  being  poured  into 
a  tolerably  concentrated  solution  of  caustic  potash.  The  brown- 
ish-black precipitate  thu-s  obtained  is  treated  with  concentrated 
caustic  potash  in  order  to  separate  the  stannic  acid,  and  then 
washed  and  dried  at  100°.  It  is  a  greyish-black  crystalline 
powder  which,  when  heated  in  the  air,  burns  like  tinder.'  It 
acts  as  a  base,  but  its  salts  have  been  but  slightly  exanuned. 

Bismuth  DicMaride,  BiCl„,  is  formed  when  a  slow  current  of 
chlorine  is  passed  over  the  fused  metal,  or  wlien  the  metal  is 
heated  with  calomel  to  250°.  It  is  a  biack,  crystalline,  sliglitly 
volatile  moss,  which  on  heating  in  the  air  decomposes  with 
separation  of  a  portion  of  the  metal,  and  formation  of  the  tri- 
chloride and  an  oxychloride  BijCljOg  or  2BiCl2  +  3BijO,. 

If  the  tribromide  be  fused  with  bismuth  a  mass  of  brown 
crystalline  needles  is  obtained,  which  probably  consists  of  the 
dibromidc.  These  are  decomposed  by  hydrochloric  acid  with 
separation  of  spongy  bismuth. 

In  the  process  described  for  tlie  preparation  of  the  pure  dioxide 
a  stannate  of  this  oxide  is  formed.  This  compound  can  best  be 
obtained  by  pouring  a  solution  of  tin  dichloride  upon  powdered 
nitrate  of  bismuth.     It  is  a  dark  yellow  powder. 

>  Schneider,  Pogg.  Ann.  oxix.  331. 


336 


METALS  OF  THE  ANTrMONY  GROUP. 


BISMUTH    TRIOXIDE    AND    THE    BISMUTH 
SALTS. 


552  Bismuth  Trioxide,  BijOg,  is  found  as  bismuth  ochre  iji 
Cornwall,  Virginia,  Siberia,  and  the  Erzgebirge,  as  a  yellow  or 
greenish-grey  amorphous  mass  or  as  a  powder,  and  it  usually 
contains  ferric  oxide  and  other  impimties.  In  order  to  prepare  it 
artificially,  the  hydroxide,  carbonate,  or  nitrate  is  heated.  Thus 
oljtained,  it  is  a  yellow  powder,  having  a  specific  gravity  of  8  2, 
which  fuses  at  a  red-heat,  forming  a  brown  liquid  solidifying  to 
a  yellow  crystalline  mass.  When  a  boiling  solution  of  a  bismtth 
salt  is  precipitated  witli  pota-sh,  the  trioxide  is  obtained  in 
microscopic  needles,  and  if  this  be  melted  with  caustic  potash 
the  product  is  found  to  crystallize  in  rliombic  prisms.  The  oxide 
prepared  by  roasting  the  metal  appears  to  have  been  employed 
as  a  yellow  paint  in  Agricola's  times.  Bismuth  has  also  lieen 
used  for  replacing  lead  in  flint-glass  or  strass,  as  this  possesses  a 
much  higher  refractive  index  than  ordinary  fiint-gla.ss ;  if,  at 
the  same  time,  the  potash  be  replaced  by  thallium,  a  glass  is 
obtained  whose  refractive  index  is  higher  than  that  of  any  other 
kind. 

Bismuth  trioxide  is  a  stronger  base  than  the  corresponding 
oxide  of  antimony,  and  forms  a  well-defined  scries  of  salts. 

Bimudh  Trihydro.mlc,  Bi(0H)3,  is  obtained  as  a  white  amor- 
phous powder  by  precipitating  a  bismuth  salt  with  cold  canstiu 
soda  or  ammonia. 

Bltjiiuth  TricJilon'df,  BiClj,  was  first  prepared  by  Boyle'  by 
heating  bismuth  with  corrosive  sublimate.  It  is  also  formed 
when  the  metal  is  burnt  in  a  stream  of  chlorine,  or  when  a  con- 
centrated solution  of  the  oxide  in  hydrochloric  acid  is  distilled 
and  the  receiver  changed  when  all  the  water  has  come  over. 
Bismuth  trichloride  is  a  granular  white  mass,  easily  fusible,  and 
readily  volatile,  subliming  in  fine  crystals,  which  melt  at  from 
225°  to  2.30°,  and  yielding  a  vapour  having  a  specific  gravity  of 
11'35  (Jaquclain).  Heated  in  a  current  of  hydrogen  it  is  re- 
duced to  dichloride.-  It  forms  a  syrupy  liquid  when  dissolved 
in  a  small  quantity  of  water,  though  a  larger  quantity  of  water 
decomposes  it,  with  formation  of  bismuth  oonjchloride,  BiOCl, 

'  Experimrnis  avd  Corutiilemtivits  Tmirhing  Cohur$, 

'  Muir,  Jouni,  Client.  Sac  1876,  i.  144.  
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vfhich  is  thrown  down  as  a  pure  white  powder,  insoluble  in 
■water,  thougli  readily  dissolved  in  acids.  Heated  in  the  air 
bismuth  tricldoride  loses  chlorine  and  takes  up  oxygen,  but  in 
absence  of  air  it  becomes  yellow-coloured  and  fuses  without 
decomposition. 

"When  a  solution  of  the  oxide  in  an  excess  of  hydrochloric 
id  is  evaporated,  fine  needle-shaped  crystals  are  deposited, 
ving  the  composition  EiCIj-l- 2HC1.  Bismuth  trichloride 
forms  double  salts  with  the  chlorides  of  the  alkali  metals,  and 
when  the  anhydrous  chloride  is  treated  with  ammonia,  three 
distuict  compounds  are  obtained.  One  of  these  is  a  white, 
very  volatile  mass,  having  the  formula  BiCl,  +  SNH, ;  the 
two  others  remain  behind  in  tlie  retort  in  the  process  of  pre- 
paration and  have  the  composition  BiCIj  +  2NH3  and  2BiCl3 
+  NHy  The  first  of  these  forms  a  dirty-grey  mass,  v  hilst  the 
second  is  red  and  crystalline.  They  combine  with  liydrochloric 
acid  to  form  double  salts,  which  are  also  obtained  when  sal- 
ammoniac  is  added  to  tlie  solution  of  bismuth  in  the  right 
proportion  and  the  mixture  evaporated.^  When  the  dicldoride 
is  treated  vrit\\  chlorine  a  brownish-red  powder  is  obtained  of 
Bi^Clg.  Tins  decomposes  on  heating  into  chlorine,  tiichlorido, 
and  dichloride. 

553  Bismuth  Tribromide.JiiBTy  "When  bromine  vapour  is  passed 
over  poM-dcred  bismuth  an  energetic  reaction  takes  place  and  a 
red  liquid  volatilizes.  This  cools  to  a  gold-yellow  glistening 
deliquescent  crj-stallino  mass,  which  melts  at  from  210°  to  215°. 
Bismuth  triliromide  crystallizes  from  ether  in  prisms,  and  water 
decomposes  it  into  white  insoluble  oxybromide,  I'iOBr.  It  forms 
crystalline  double  salts,  with  the  bromides  of  the  alkali-metals, 
and  with  ammonia  it  forms  compounds  similar  to  the  chloride. 

Bismuth  Tri-iixiidc,  Bilj,  is  obtained  by  heating  the  powdered 
metal  with  iodine,  and  heating  the  product.  It  sublimes  in 
grej'ish-black  metallic  glistening  tablets,  which  are  not  decom- 
I>08ed  by  cold  water,  though  they  are  converted  by  hot  water 
into  an  insoluble  oxjnodide.  If  a  solution  of  the  iodide  in 
hydriodic  acid  be  evaporated  rhombic  pyramids  of  BiTj  -f  HI  -f- 
4HjO  are  deposited.  Bismuth  iodide  forms  a  large  number  of 
double  salts,  which  have  been  investigated  by  Nickl6s  *  and 
Linau.* 


'  Deheniin,  C<mipl.  Rrmi.  lir.  92<. 

'  Compt.  lUnd.  L  872,  and  Joum.  fharm.  [3J,  xxxix.  116. 

'  Pogg.  Ann.  oxi.  210. 
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Bismuth  Oxyiodide,  BiOI,  is  obtained  by  decomposition  of  the 
tri-iodide  with  boiling  water  or  by  heating  the  same  in  the  air, 
as  a  copper-red  crystalline  mass,  which  can  be  sublimed  when 
heated  iu  absence  of  air,  but  is  gradually  converted  in  presence 
of  air  into  a  crystalline  oxide. 

Bismuth  Trifluoride,  BiFj,  is  obtained  as  a  white  powder  ly 
dissolving  the  oxide  iu  hydrofluoric  acid  and  evaporating  the 
solutioa. 

Bismuth  Trisulphatc,  V>\^{^0^^  is  obtained  as  an  amorphous 
white  mass  by  dissolving  the  metal  or  the  oxides  in  concen- 
trated sulphuric  acid  and  evaporating.  This  salt  is  decomposed™ 
by  water  with  formation  of  the  basic  salt,  Bio(OlI)^SO^.  Whea^ 
this  is  heated  it  loses  water,  and  on  cooling  a  yellow  nias.s,  con- 
sisting of  (BiO)jSO^  is  obtained.  This  salt  is  also  obtained  by 
heating  the  other  sulphates.  Another  of  these  basic  salts  has 
the  composition  EiSO^(OH)  +  H^O,  and  is  obtained  in  small 
needles  by  acting  upon  the  nitrate  with  sulphuric  acid. 

Bismuth  Tnniiratc,  Bi(NOg),  +  3H„0,  is  obtained  in  large! 
transparent  triclinic  prisms  by  dissolving  the  metal  in  nitric  I 
acid  and  evaporating  the  solution,  which  corrodes  paper,  and 
must,  therefore,  be  filtered  tlirough  asbestos  or  pounded  glass. 
The  crystals,  which  are  deliquescent,  are  decomposed  on  heating, ! 
first  losing  their  water,  and  then  leaving  a  residue,  first  of  bosic 
salt,  and  lastly  of  the  trioxide. 

554  Basic  Bismuth  Nitratr,  Bi(0H)2N0j.  Libavius  was  awaie 
that  the  solution  of  bismuth  in  nitric  acid  is  precipitated  by 
water,  and  Lemery,  who  descrilies  the  preparation  of  this  com- 
pound, states  that  water  containing  common  salt  should  be 
employed  for  this  precipitation,  pure  water  precipitating  it, 
but  much  more  slowly  ;  and  he  adds  that  the  product  obtained 
weighs  more  than  the  metal  employed.  The  reason  of  tliis,  he 
explains,  is  that  a  certain  quantity  of  spirit  of  nitre  remains 
behind,  even  if  the  precipitate  be  well  washed.  Boyle  states 
that  the  solution  of  bismuth  in  aqua-fortis  is  almost  completely 
precipitated  by  common  water.  In  spite  of  this,  many  chem- 
ists, looking  at  the  analogy  between  lead  and  bismuth,  believed 
that  salt  water  was  necessary  for  the  precipitation  ;  indeed  th$ 
substance  was  for  some  time  termed  horn-bismuth.  This  error 
was  definitely  rectified  by  Pott,  in  1739. 

Basic  nitrate  of  bismuth,  formerly  termed  vi-agistcry  of  bit- 
muth,  is  used  as  an  important  medicine,  and  many  different 
receipts  are  given  for  its  preparation.    According  to  the  British 
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PhiinnacopiTia.  bUmitth  sithiitrns  is  first  obtained  by  dissolving 

2  parts  by  weiyht  of  bismuth  in  a  mLxturo  of  4  parts  of  nitric 

tid  of  specific  g^a^^ty  1'42,   diluted  with  3  parts  of  water. 

e  clear  liqtiid  is  poured  off  from  any  insoluble  matter,  and 

evajtorated  to  the  pomt  at  which  it   occupies  two  volumes, 

and  this  is  then  poured  into  8U  parts  of  distilled  water.     Tlie 

clear  liquid   is  then  decanted,  and  water  added  to  the  clear 

liquid ;  this  is  well  stirred  up,  and  the  precipitate  collected  on 

filter  and  dried  at  a  tempemture  not  higher  than  55°.     Tlie 

an  and  French  pharmacoprcias  recommend  somewhat  simi- 

L     lar  processes.     In  all  these  methods  a  considerable  quantity  of 

^Bismiith  remains  in  solution,  and  this  may  be  obtained,  as  the 

^B^rdroxide,  by  precipitating  with  anmionia. 

^B  Basic  bismuth  nitrate  is  a  crystalline  powder  which  reddens 

moistened  litmus  p.iper.     When  heated  to  IflO"  it  is  converted 

into   the  compound  P>iO(N03)j(OH)j.      Its  composition  varies 

somewhat,   according  to  the   quantity  of  water    nsed  in  the 

preparation.     When  washed  for  a  long  time  it  becomes  more 

^^asic,  until  at  last  the  hydroxide  is  formed. 

^B  Basic  nitrate  of  bisnmth  is  largely  used  as  n  medicine  in 

^Btees  of  chronic  diarrlioaa  and  cholera.     Tlie  amount  of  tliis 

P^Baterial  employed  in  the  French  army  amounts  to  1,250  kilos 

j>er  annum,  most  of   which  goes  to   Algiers.      During   the 

American  war  it  wus  largely  used  in  the  ii eld-hospitals   for 

^jimilar  purposes,  and  its  consumption  in  Germany  has  of  lalu 

^Hia^ely  increased.      It  is  also  used  in  considerable  quantities 

^•s  a  cosmetic;    and  this  use  of   basic   nitrate  of  bismuth  is 

due  to  Lemery,   who  recommends   it  for  softening   the  skin. 

Wlien  xised  for  this  purpose  it  was  first  termed  blanc  d'EapagTic, 

^Bhioh   name,  however,  w.as    iised    to    designate    many  other 

^Khite  pigments.      Another  name   for  this    cosmetic   is  hlanc 

J^fard. 

^^  The  basic  nitrate  as  well  as  the  oxide  is  also  used  for  giving 
a  colourless  iridescent  glaze  to  porcelain.     This  is  obtained  by 
rubbing  up  basic  nitrate  with  resin,  and  gently  heating  the 
mixture  witli  lavender  oiL      It  can  be  coloured  by  the  addi- 
tion of  oxidej?,  such  as  oxide  of  chromium,  which  gives  to  it  a 
I     sulphur  or  lemon-yellow  colour.    With  addition  of  5  per  cent. 
■■f  gold  to  the  oxide  of  bismuth  a  splendid  copper-red  colour 
^Brith  a  rcdected  golden  lustre  is  obtained.     When  a  smaller 
quantity  of  tliis  same  substance  is  employed,  the  glass  assumes 
a  violet  or  pure  blue  colour,  whilst  with  another  treatment  a 
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rose-red  tint  is  obtained.    These  glazes  are  also  used  in  glass- 
staining. 

555  Biwiutk  Orthophoaphate,  BiPO^,  is  precipitated  when  soln- 
tions  of  bismuth  nitrate  and  phosphoric  acid  are  brought  together 
in  presence  of  nitric  acid.  In  the  same  way  an  insoluble  pi/ro- 
phosphate,  Bi^(r„0j)3,  is  prepared  with  pyrophosphoric  acid. 
Wlien  the  oxide  and  phosphorus  pentoxide  are  fused  together 
a  clear  glass  is  obtained,  which  on  slow  cooling  becomes  crystal- 
,  and  probably  consists  of  the  tetrametaphosphate. 

Bismuth  Arsenate,  Bi^(As20.)j,  is  a  white  precipitate  insoluble 
in  water  and  nitric  acid  but  soluble  in  hydrochloric  acid. 

Bismuth  Silicate,  Bi^(SiOj3,  occurs  as  eulj'tine,  found  in  small 
glistening  yellow  or  brown  regular  tetrahedrons  and  occurring  in 
the  Erzgebirge  together  with  phosphates  of  iron  and  manganese. 

Basic  Bismuth  Carbonate,  2(BiO);CO,  +  H„0,  is  obtained  as 
a  white  precipitate  when  carbonate  of  ammonia  is  f>oured  into 
a  solution  of  bismuth  nitrate  and  dried  at  a  gentle  heat  It  is 
employed  as  a  medicine.  At  100°  it  loses  water,  and  when  more 
strongly  heated  is  readily  converted  into  the  trio.xid& 

The  mineral  bismutite  is  another  basic  carbonate,  3(BiO)jCOj 
+  2Bi(OH)3  +  SII^O.  This  is  found  at  Schneeberg,  at  Chester- 
field, South  Carolina,  and  at  other  places,  together  with  bismuth 
ores.  It  is  a  white  or  siskin-green  earthy  mass  and  sometimes 
occurs  in  acicular  pseudomorph  crystals. 

Chromates  of  Bismuth.  "When  normal  ^^otassium  chromate  i* 
added  to  a  solution  of  bismuth  nitrate  a  lemon-yellow  finely 
crj'stalline  precipitate  is  thrown  down  having  the  composition 
BijCr.Ojs  =  2(BiO),,CrO<  4-  BijO^.  Tliis  compound  does  nut 
fuse  and  is  not  decomposed  on  heating.  When  treated  with  a 
quantity  of  nitric  acid  insuRicieut  to  dissolve  it,  it  is  converted 
into  BLjCrjOj  =  (BiO)jCr20j ;  and  this  salt  is  also  obtained  by 
adding  a  solution  of  bismuth  nitrate,  as  nearly  as  possible  neu- 
tral, to  an  excess  of  a  solution  of  potassium  dicliromate.  It  is 
an  orange-yellow  crj'stalline  powder  which  decomposes  on  igni- 
tion and  becomes  of  a  dark-green  colour.  If  a  few  drops  of 
nitric  acid  be  added  to  the  liquid  after  precipitation  and  the 
whole  boiled  for  a  few  hours,  a  cinnabar-red  crystalline  salt, 
(BiO),,CrO^,  is  thrown  down,  which  on  boiling  with  moderately 
strong  nitric  acid  partially  dissolves  and  is  partially  converted 
into  ruby-red  crystals  having  the  formula  Bi^Cr^Oj^  -f-  H^O.' 
Other  poly  chromates  of  bismuth  have  been  prepared.* 
>  Muir,  Jaum.  Chen.  Soe.  1876  [2],  12.  '  Ibid.  1877.  i.  24  and  645. 
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BISMUTH  PENTOXIDE  AND  BISMUTHIC  ACID. 

556  Bismuth  Penf'widc,  Bi^Oj,  is  obtained  as  a  brown  pou'der 
by  heating  bismuthic  acid  to  130'.  It  is  an  extremely  unstable 
compomid  and  when  heated  loses  oxygen,  wliich  gas  is  ubo 
given  off  on  treatment  with  sulphuric  acid,  whilst  chlorine  is 
evolved  when  the  substance  is  heated  with  hydrochloric  acid. 

Bismulhic  Acid,  HHiOj,  is  obtained  by  passing  a  current  of 
chlorine  into  a  boiling  solution  of  caustic  potash  containing 
bismuth  trioxide  in  suspension.  A  red  powder  then  separates  out 
which  is  waslied  with  dilute  nitric  acid  and  water.  The  same 
substance  may  be  obtained  by  fusing  caustic  potash  with  a 
basic  nitrate  of  bismuth  in  contact  with  the  air  until  the  mass 
has  become  dark-lirown.  On  cooling,  it  is  lixiviated  with 
boiling  water  and  tlie  residue  treated  as  above. 

Metahisumthic  Acid,  H^Bi^Oj,  is  formed  when  a  solution  of 
the  nitrate  is  precijiitatcd  witli  an  excess  of  potassium  cyanide.' 
It  is  a  dark-brown  powder  whicli  is  distinguished  from  bismuthic 
acid  inasmuch  as  it  is  decomposed  at  150°  with  separation  of 
■water. 

The  salts  of  the  bismuthic  acids  have  been  but  very  incom- 
pletely investigated.  If  common  bismutluc  acid  be  dissolved 
in  lw)iliniT  caustic  potiujli  and  the  solution  concentrated,  a  red 
precipitate  of  KBiOj,  +  llBi(\  is  thrown  down  (Arppe).  This 
may  perhaps  be  the  tetrabismulhate,  KjBi^Oj,  +  HjO,  but  Muir 
was  unable  to  obtain  this  compound.  Tlie  following  compound 
may  be  considered  to  be  a  salt  of  bismuthic  acid. 

BismiUh  2'etroxidc,  Bi^O^  =  (BiO)Bi03,  is  formed  when  the 
trioxide  is  fused  with  alkalis  in  contact  with  the  air  or  when  it 
is  treated  with  caustic  potash  and  chlorine  passed  in  until 
the  mass  becomes  of  a  yellowish-red  colour.  On  addition  of 
nitric  acid  the  yellowish-red  hydrate  is  tlirown  down,  BijO^  + 

yH.o. 

^"  557  Bismuth  Bin/tlpliiile,  TA^^^'  '^  obtained  as  a  grey  metallic 
lustrous  miiss  of  needle-shaped  crystals  when  the  above  elements 
are  fused  together  in  the  proportion  of  their  atomic  weights  and 
the  mixture  allowed  to  cool  quickly.  "WTien  a  current  of  sul- 
phuretted hydrogen  is  passed  through  a  dilute  alkaline  solution 
'  Roedeker,  Ann.  Chan.  Pharm.  cxxiu.  61. 


BISMUTH    AND    SULPHUR. 


8fS 


METALS  OF  THE  ANTIMONY  GROUP. 


of  bismuth  nitrate  free  from  air,  mixed  with  tin  dichloride,  the 
dioxide  which  is  first  formed  is  converted  into  a  black  powder 
having  the  composition  Bi^S^  +  2HjO,  which  on  trituration 
assumes  a  metallic  lustre,  and  when  this  is  treated  with 
hydrochloric  acid  the  following  reaction  takes  place : — 


SBijS,  +  12HC1  =  2Bi  +  4BiCl,  +  6H^S. 

the  bismuth  separating  out  as  a  spongj'  mass. 

Bismuth  Trisiilphide,  Bi^Sj,  occurs  as  bismuthite  in  rhombic 
crystals,  and  also  massive  with  a  foliated  or  fibrous  structure 
and  having  a  sjiecific  gravity  of  64.  It  is  found  at  Brandy 
Gill,  Carrock  Fells  in  Cuniberlanil,  at  Redruth  and  Botallack, 
and  other  localities  in  Cornwall,  in  the  Erzgebirge,  in  Bolivia, 
and  in  other  localities.  It  is  obtained  artificially  by  fusing  the 
metal  with  an  excess  of  sulphur,  or  by  precipitating  a  solution  of 
bismuth  chloride  with  sulphuretted  hydrogen.  Thus  prepared  it 
forms  a  blackish-brown  precipitate  casUy  solultle  in  nitric  acid 
and  in  boiling  concentrated  hydrochloric  acid,  but  not  in  alkalis 
or  their  sulphides.  "When  it  is  heated  to  200°  in  a  solution  of  the 
latter  it  becomes  crystalline,  assuming  the  form  of  bismuthite. 

BUmidh  Tluoxys\dphide,  Bi^O^S,  occurs  as  karelilinite,  in  a 
crystalline  mass  having  a  strongly  metallic  lustre  and  found  at 
the  Savodinck  Mine  in  the  Altai.  If  a  mixture  of  40  parts  of 
sulphur  and  142  parts  of  bismuth  trioxide  be  heated  to  dark 
redness  a  grey  crystalline  mass  of  BigO^S^  is  formed. 

Bismuth  ddorintlphidc,  BiSCl,  is  obtained  by  fusing  tog.-ilier 
in  the  air  I  part  of  sulphur  and  8  parts  of  ammonium  bismuth 
chloride,  or  by  heating  the  latter  compound  in  a  current  of  sul- 
phuretted hydrogen.  It  forms  white  needles  which  are  insoluble 
in  water  and  dilute  hydrochloric  acid. 

BISMUTH,  SELENIUM,  TELLURIUM,  &c. 
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558  Bismuth  iTmcteurfc,  Bi^Se,,  is  obtained  by  fusing  tlie  de- 
ments together  as  a  metallic  lustrous  brittle  crj-stalline  mass, 
having  a  specific  gravity  of  C"82,  and  wluch  is  attacked  ool; 
by  nitric  acid  and  aqua  regia. 

BisymUh  TritcUuridc,  Bi^Tc^,  occurs  as  tetradyniit© 
metallic  pale  steel-grey  rhomboheilrons,  or  in  foliated  or 
granular  masses  having  a  specific  gravity  of  7"2  to  7"9,  It 
is  found  in  Transylvania,  Hungary,  Sweden,  Norway,  and  in 
several  localities  in  the   Uuited  States,  together   witli  otlier 
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llurium  ores.  lu  some  varieties  of  this  mineral  a  portion  of 
e  tellurium  is  replaced  by  sulphur  ami  selenium,  although  the 
analyses  of  the  pure  material  con-espond  to  the  above  formula. 
G.  Ilose  and  P.  Groth  *  consider  this  mineral  to  be  an  Lsomor- 
phous  mixture  of  the  elements,  as  it  is  not  isomorpboua  with 
bismuthine,  and  as  bisnmth  and  tellurium  can  be  fused  together 
in  all  proportions. 

Phosphorus  and  arsenic  do  not  readily  combine  with  bismuth. 
The  first  of  these  forms  a  compound  with  molten  bi.smuth,  and 
if  a  current  of  phosphuretted  hydrogen  be  passed  through  a 
solution  of  bismuth,  a  black  phosphide  is  precipitated,  which, 
however,  decomposes  in  absence  of  air  into  its  elements.  An 
alloy  of  bismuth  and  arsenic  gives  up  the  whole  of  the  latter 
when  heated.  Arseniuretted  hydrogen  produces  a  black  pre- 
cipitate in  bismuth  solutions  which  behaves  in  a  precisely 
similar  way. 
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559  When  a  bismuth  compound  is  heated  in  the  upper  reduc- 
tion-tlame  of  the  Bunsen  burner  on  an  asbestos  thread,  a  cold 
porcelain  dish,  held  above  it,  receives  a  brown  or  black  deposit 
of  metallic  bismuth,  which  is  only  slowly  dissolved  in  cold 
dilute  nitric  acid.  A  brittle  metallic  Ixsad  is  obtained  when  the 
compound  is  heated  on  the  carbonized  inateli,  and  this  dissolves 
in  nitric  acid,  yielding  a  brown  precipitate  of  bisnmth  dioxide 
with  stannous  chloride  and  caustic  soda.  A  characteristic 
reaction  of  the  bismuth  salts  is  the  precipitation  of  the  blackish- 
brown  sulphide  ■\A-ith  sulphuretted  hydrogen,  insoluble  in 
sulphide  of  ammonium,  and  easily  soluble  in  nitric  acid.  In 
addition  to  this,  water  prt^duces,  in  solutions  which  are  not  too 
strongly  acid,  a  white  ])recipitate  of  an  insoluble  basic  salt,  and 
ammonia  tlirows  down  a  white  precipitate  of  the  hydroxide 
insoluble  in  excess.  These  reactions  serve  to  separate  bismuth 
from  other  metals,  as  well  as  to  detect  its  presence.  If  other 
metals  precipitable  by  sulphuretted  hydrogen  be  present,  the 
washed  precipitate  is  first  digested  with  sulphide  of  ammonium, 
in  order  to  separate  arsenic,  antimony,  and  tin.  The  pre- 
cipitate is  then  well  washed,  dissolved  in  nitric  acid,  and  dilute 
sulphuric  acid  abided  to  the  filtrate  to  separate  lead ;  the 
rccipitate  filtered  off,  and  an  excess  of  ammonia  added  which 

Tabcll.  VtherticlU.  d.  Einf.  Mineralicn,  73. 
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throws  down  the  bismuth  as  the  hydroxide,  whilst  any  copper 
or  cadmium  present  remains  in  solution.  The  precipitate  is 
dissolved  in  a  small  quantity  of  hydrochloric  acid,  the  liquid 
concentrated  by  evaporation,  and  added  to  a  large  quantity  of 
water,  when  the  insoluble  oxycliloride  is  precipitated. 

Care,  however,  must  be  tiiken  that  the  whole  of  the  antimony 
is  previously  removed  by  a  long  digestion  of  the  sulphides  wiili 
sulphide  of  ammonium,  and  the  residue  well  washed  witli 
water,  for  otherwise  au  insoluble  oxychloride  of  antimony  may 
be  precipitated,  and  this  may  be  mistaken  for  bismutlu 

Bismuth  can  be  determined  qnantilativcly  in  several  ways. 
If  the  solution  consist  only  of  nitrate,  it  may  be  precipitated 
with  carbonate  of  ammonia,  heated  for  some  time  almost  to 
boiling,  filtered,  the  precipitate  driiid  and  converted  by  ignition 
into  the  trioxide  which  is  weiglied.  If  other  acids  are  present, 
the  bismuth  is  precipitated  by  sulphuretted  hydrogen,  the 
washed  precipitate  dissolved  in  nitric  acid  and  treated  as  above, 
or  it  may  be  dried,  any  excess  of  sulphur  got  rid  of  by  carbon 
disulphide,  and  the  residual  pure  sulphide  dried  at  100*. 
Bismuth  may  also  be  estimated  as  the  metal  by  reduction  with 
cyanide  of  potassium.  The  metallic  mass  is  well  washed  with 
water  and  alcohol,  and  weighed  after  drying.  lastly,  if  the 
solution  of  the  nitrate  contains  only  a  small  quantity  of  free 
ncid,  it  may  be  precipitated  with  potassium  dichromate,  or  with 
arsenic  acid,  and  the  precipitate  dried  and  weighed. 

The  atomic  Kcight  of  bismuth  was  first  determined  by 
Gmelin,'  and  afterwards  by  Schneider,-  by  converting  the  metal 
into  the  trioxide.  Tliuir  rosidts  give  the  numlier  207"5,  whilst 
Dumas  ^  by  the  analj'sis  of  the  cldoride,  arrived  at  the  number 
210.  This  latter  number  is  probably  the  most  ejcact,  inasmuch 
as  the  differences  in  the  atomic  weights  of  analogous  elements, 
already  alluded  to,  thus  become  nearly  constant : 

In  =  1134.  Sn  =  117-8.  Sb  =  122. 

Tl  =  203-6.  rb=  206-4  Bi  =  :!10. 


i 

\ 


TANTALUM,  Ta  =  182. 


560  Tliis  metal  is  so  closely  connected  with  the  next  one,  nio- 
bium, that  it  will  bo  most  convenient  to  consider  their  history 


together. 


*  Handbook^  iv.  428.  »  rot/g.  Ann.  Ixxxii.  803. 

*  Ann.  Chim.  Phya.  [3L  Iv.  177. 
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In  the  year  1801,  Hatcliett '  laid  before  the  Royal  Society  an 
investifjation  on  a  mineral  from  Jfassachusetts,  which  he  believed 
to  contain  a  new  metal,  to  which  he  gave  the  name  of  colum- 
l)ium.  In  the  following  year,  Ekeberg,"  in  Sweden,  investi- 
gating the  yttrium  minerals,  discovered  a  new  element  in  a 
mineral  to  which  he  afterwards  gave  the  name  of  yttrotantalite, 
whilst  the  same  element  also  occurred  in  a  mineral  termed  tan- 
talite.  In  consequence  of  this  he  named  the  metal  tantalum, 
partly  because  mythological  names  were  frequently  used,  and 
partly  also  as  pointing  to  the  fact  "  that  when  placed  in  the 
midst  of  acids  it  is  incapable  of  taking  any  of  them  up  and 
saturating  itself  with  them." 

In  1S09,  WoUaston '  endeavoured  to  ahow  that  columbium 
and  tantalum  were  identical,  and  a  few  years  later  Berzelius  * 
more  carefully  investigated  the  oxides  of  the  last-named  metal 
prepan^d   from   tantalite,  and   prepared  tantalic  acid.      After- 
wards,  in    1839,  AVohler'*  found  that  the  acid-forming  oxide 
contained  in  pyrochlor  and  in  the  Bavarian  tantalites  possesses 
peculiar  properties ;  and  liose  *  then  observed  tlmt  the  colum- 
bites  of   Bodenmais  contained  tlie  oxide  of  a  new  metal,  to 
which  he  gave  the  name  of  niobium,  and  in  1846  he  thought 
that  he  found  a  third  new  metal,  tu  which  he  gave  the  name 
of  pelopium.     In  1853  he  came  to  tiie  conclusion  on  further 
investigation  that  niobic  acid  and  pelopic  acid  were  different 
oxides  of  niobium,  and  to  the  first  of  these  he  gave  the  name  of 
niobic  acid,  whilst  the  latter  was  designated  as  hyponiobic  acid. 
These,  however,  exhibited  "  a  relationship  so  peculiar  that  the 
whole  range  of  cliemistry  does  not  furnish  an  example  of  a 
similar  kind."  '     In  185G-7,  Hermann  observed  that  niobium 
and  tantalum  usually  occur  together,  whilst  in  1804-5,  Bloin- 
strand*    showed   that    Kose's   hyponiobic   chloride    contained 
oxj-gen,  and  is  an  oxychloride,  and  Marignac"  almost  at  the 
same  time  proved  that  the  double  salts  which  hyponiobic  tiuoride 
forms  with   metallic  fluorides,   are  isomorphous   with   similar 
double  salts  containing  titanium  fluoride,  TiF^,  and  tungsten 
oxyfluoride,  W(^jFj.     Inasmuch  as  the  sum  of  the  atoms  in  all 
these  isomorphous  compounds  is  constant,  and  as,  according  to 
analysis,  the   hyponiobic    fluoride   contained  three   atoms   of 

'  mi.  Trans.  1802,  49.  »  Ann.  de  Ckim.  xliii.  276. 

'  liiil.  TraiJi,  1SU9,  240.  *  Poijr/.  Attn.  iv.  8. 

»  Pogg.  Ann.  xlvUi.  91.  '  Ibid.  Ixiii.  307,  6S>3  ;  Ixix.  U8. 

'  Ibid.  xc.  471.  •  Journ.  I'racl.  Chan.  xc\iL  37. 

'Ann,  Chim.  Phya.  [41,  viiu  6,  49. 
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fluorine,  Alarignac  concluded  that  it  must  be  an  oxyfluoride 
of  the  composition,  NbOFj  and  he  succeeded  in  obtaining 
experimental  evidence  of  the  truth  of  this  view.  At  the  eame 
time  he  showed  that  the  tantalic  acid,  which  up  to  that  time 
had  been  suppcsed  to  be  analogous  to  titanic  acid,  and  to  which 
the  formula  TaO^  had  been  given,  must,  like  the  highest  oxide 
of  nioliium,  be  a  pentoxide,  as  these  two  oxides  occur  in  isomor- 
phous  mixture  in  several  minerals,  and  as  both  metals  form 
isomorphous  double  fluorides  as  KjTaFy  and  KjNbF^. 

Tlie  truth  of  this  view  of  the  composition  of  the  niobium 
and  tantalum  compounds  was  confirmed  by  the  experiments  of 
Dcville  aud  Troost,*  who  in  1865  determined  the  vapour 
densities  of  niobium  chloride,  niobium  oxychloride,  and  tan- 
talum chloride,  which  were  found  to  correspond  to  the  formula 
NbClj,  NbOClj.  aud  TaClj^.  The  investigation  of  Blorastrand 
and  Marignac  next  showed  that  the  metal  dianium,  supposed 
by  V.  Kobell  to  be  contained  in  various  columbites,  is  in  fact 
identical  with  niobium,  and  Marignac  further  showed  that 
ilmeniura  whicli  Hermann  believed  he  had  discovered  in  samar- 
scite,  is  a  mixture  of  niobium  and  tantalum.  Its  discoverer, 
however,  still  adheres  to  his  belief  in  the  existence  of  ilme- 
nium,  and  quite  recently  he  is  said  to  have  found  another  metal 
to  which  he  gives  the  name  of  neptunium.  His  views  do  not, 
however,  meet  with  general  acceptance, 

561  Tantalum  and  niobium  are  found  in  many  other  minerals 
in  addition  to  those  already  mentioned.  Tlie  following  table 
gives  the  composition  of  some  of  the  more  important  of  these. 


4 


TarUalite  {analysed  hy  Rumviclsberg). 


Locality    .     .     , 

Finland. 

Sweden. 

Ta^O, 

Nb^Oj 

SnOj 

FeO 

JlnO 

76-34 
7-54 
0-70 

13'9i> 
1-42 

49G4 

29-27 

2-49 

13-77 
2-88 

99-90 

98-05 

'  Cumptes  Jlendiu,lx.  122L 
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Columbite  (analysed  hy  Blomstrand). 


Locality    .    .    . 

Greenland. 

Masaachosetts. 

Bodenmais. 

Ta,0,    .    .     . 

— 

28-55 

22-79 

NbA 

77-97 

51-53 

56-43 

WO3     . 

0-13 

0-76 

1-07 

SnOg 

•  0-73 

0-34 

0-58 

FeO. 

17-33 

13-54 

15-82 

MnO 

3-28 

4-55 

2-39 

ZrOj     . 

0-13 

0-34 

0-28 

MgO 

0-23 

0-42 

0-40 

PbO      . 

0-12 

— 

— 

HjO 

— 

0-16 

0-35 

99-92 

100-19      j  100-11 

Pyrochlor  {analysed  by  Eamnulsberg). 


Locality 

Siberia. 

KaiaerstnU. 

NbA-    • 
TiOa     . 
ThOj     . 
CcjO,    . 
CaO      . 
MgO    . 
FeO      . 

F      .    . 

51-19 
10-47 
7-56 
7-00 
14-21 
0-22 
1-84 
3-71 
306 

47-13 
13-52 

7-30 
15-94 

0-19 
10-03 

3-12 

2-90 

101-26 

100-13 

Si8 
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Yttrotantalite,  Fcrffusonile,  Euxcnite  (aiwlysed  hy  RammelAcrg). 


VttroUntalite. 

Fei;giuonite. 

tiixeiuto. 

liocalitj- .     .     . 

Ytterby. 

UteeoUnd. 

AmidU. 

Ta,0,     .     . 

1005 

6-40 

—. 

Nb,0,    .     . 

42-12 

4513 

35-83  ? 

WO,.     . 

0-22 

0-15 

. — 

SnO. .    .    . 

0-24 

0-48 

24  33 

YA-    .    • 

27-(J9 

25-25 

17-23 

Er,0,     .     . 

12-44 

9-76? 

9-39 

Ce,03     .     . 

1-90 

2-05 

2-34 

CaO  .     .     . 

3-21 

0-61 

— 

FeO   .     .    . 

0-63 

0-74 

3-61 

UO,  .     .     . 

1-26 

2-62 

8-86 

99-76 

9610 

101-59 

Besides  occurring  in  these  minerals,  tantalum  is  frcquentljr 
found  in  small  quantities  in  tinstone,  wolfram,  pitchblende,  and 
other  minerals, 

562  For  the  purpose  of  preparing  the  tantalum  compounds, 
tantalite,  or  sonic  other  mineral  containing  this  metal,  is  finely 
powdered  and  fused  with  three  times  its  weight  of  acid  potas- 
sium sulphate,  the  fused  mass  completely  boiled  out  with 
water,  and  the  residue  digested  with  sulphide  ct  ammonium, 
in  order  to  remove  tin  and  tungsten,  the  iron  present  being 
at  the  same  time  converted  into  sulphide.  The  residue  is 
washed  and  boiled  with  concentrated  hydrochloric  acid,  when 
tantalum  hydroxide  remains  behind,  and  this  is  then  washed 
with  boiling  water  and  ignited.  The  oxide  thus  obtained  usually 
contains  silica  and  iiiobic  acid.  The  former  is  removed  by  dis- 
solving in  hydrofluoric  acid,  and  evaporating  with  stilphiu-ic 
acid;  the  latter  by  adding  to  the  bailing  hydrofluoric  acid 
solution  1  part  of  potassium  lluoride  to  every  4  parts  of  the 
oxide  present,  and  concentrating  the  solution  until  1  gram  of 
the  oxide  is  contained  in  7  cc.  of  the  solution.  On  cooling. 
fine  needle-shaped  crystals  of  potassium  tautaloHuoride  separate 


^:sm 


TANTALUM  AND  OXYGEN. 


349 


I 


_      vaj. 


I 


out.  These  are  washed  with  water  until  the  wash-water  after 
standing  for  two  hours  does  not  give  an  orange-red  precipitate, 
"but  a  sulphur-yellow  one  with  tincture  of  galls.  On  evapora- 
ting the  mother-lit^uor  and  the  wash-water,  more  of  the  salt  is 
obtained,  which  at  last  is  mixed  with  scales  of  the  niobium 
salt  The  pure  potassium  tantalofluoride  is  then  mixed  with  its 
own  weight  of  concentrated  sulphuric  acid  and  heated  gradually 
to  400°,  and  the  residue  boiled  out  with  water,  when  a  granular 
crystalline  compound  of  tantalum  oxide  and  sulphuric  acid 
remains  beldnd.  Tliis  is  decomposed  on  ignition,  and  it  is 
advisable  to  add  carbonate  of  ammonia  in  order  to  get  rid  of 
the  whole  of  the  sulphuric  acid. 

Pure  tantalum  does  not  appear  to  have  been  prepared.  Pro- 
l>ably  that  got  by  Berzclius  was  the  purest  form  that  has  yet 
been  seen.  This  he  obtained  by  igniting  potassium  fluotantalate 
with  potassium.  It  is  a  black  powder  which  assumes  an  iron- 
grey  metallic  lustre  under  the  burnisher,  and  when  gently 
lieated  takes  fire  in  the  air  and  burns  to  oxide.  It  dissolves  in 
hydrofluoric  acid  with  evolution  of  hydrogen,  but  in  no  other 
acids,  not  even  in  aqua-rcgia.  Heated  gently  in  chlorine,  it 
burns  brightly,  and  it  also  takes  fire  when  heated  in  sulphur 
vapour. 


TANTALUM  AND  OXYGEN. 


563  Tantidum  Tctroxidc,  Tu^O^,  is  formed  when  the  pcntoxide 
is  heated  in  a  very  small  carbon  crucible,  exposed  to  the  highest 
heat  of  a  wind  furnace.  It  is  a  porous  dark -grey  mass  which 
scratches  glass,  and  wlien  rubbed  on  a  hone  has  a  steel-grey 
colour.  It  gives  a  dark  brown  non-metallic  powder,  and  is  not 
attacked  by  acids  even  by  a  mixture  of  hydrofluoric  and  nitric 
acids,  but  bums  when  heated  with  formation  of  the  pentoxide. 
Tantalum  Pentoxuk,  Ta^Oj.    The  preparation  of  this  body  has 

H  already  been  described.     It  is   a  white  amorphous   infusible 

\  powder  which  when  strongly  heated  becomes  cr}'stalline,  and  if 
ignited  with  boron  trioxide  or  melted  with  microcosmic  salt  in 

H  a  porcelain  furnace  it  is  obtained  crj-stalline  in  rhombic  prisms. 
When  gently  heated  it  has  a  specific  gravity  of  7'3y,  which 
after  exposure  to  a  white  heat  rises  to  8  01.    It  does  not  dissolve 

^B  in   any   acid,   but  volatilizes    completely  when  ignited  with 

^1   ammonium  fluoride. 
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Tantalum  ITijdroxide  or  Tantalic  Acid,  HTaOj,  is  obtained  in 
the  form  of  a  gelatinous  mass,  vhen  the  chloride  is  qaickly 
mixed  with  water.  If,  however,  the  same  compound  be  exposed 
to  moist  air  until  it  is  decomposed,  and  then  mixed  with  water 
containing  ammonia,  tlie  hydroxide  is  obtained  as  a  crystalline 
powder,  which  when  di-ied  at  100°  possesses  the  above  composi- 
tion, and  is  converted,  with  vivid  incandescence,  into  jientoxide 
^\hen  heated  to  low  redness.  The  hydroxide  obtained  by  ignition 
with  acid  potassium  sulphate  does  not  exliibit  this  phenomenon. 
Tantalic  acid  dissolves  in  binoxalate  of  potash,  iu  hydrofluoric 
acid,  and,  when  in  the  nascent  condition,  iu  other  acids. 


TANTALATES. 


564  The  normal  tantalates,  to  which  class  the  tantfdum 
minerals  belong,  arc  all  insoluble  in  water.  Besides  these, 
others  are  known,  derived  from  the  unknown  hydrate,  hex- 
tantalic  acid,  HgTa^Ojo,  of  which  only  the  compounds  of  the 
alkidi-metals  are  soluble  in  water. 

Potassium  HcrAmUalate,  K^Ta^Oia  +  IGH^O,  is  formed  by 
dissolving  the  acid  in  caustic  potash,  and  also  by  fusing  the 
pentoxide  with  double  its  weight  of  caustic  potash.  The  fused 
mass  is  dissolved  in  water  and  allowed  to  evaporate  in  a  vacuum. 
Transparent  glistening  monoclinic  crystals  are  thus  obtained 
which  dissolve  in  lukewarm  water  without  decomposition  On 
Iwiling  or  evaporating  iu  the  air  salts  containing  more  tantalum 
are  formed.  If  it  is  frequently  ignited  witli  sal-ammoniac  and 
washed  with  water  the  normal  salt,  KTaOj,  is  obtained. 

Sodium.  Jlcxtcudalatc,  KagTagOjg  +  25H^O,  is  obtained  in  a 
similar  way  to  the  potassium  salt,  a  vivid  incandescence  occurring 
when  the  mixture  is  heated  to  redness.  The  fused  mass  is 
treated  with  water,  the  residue  dissolved  in  hot  water,  and  either 
ullowetl  to  cool  or,  inasmuch  as  it  is  insoluble  in  caustic  soda,  it 
is  poured  on  to  the  top  of  a  strong  solution  of  this  substance. 
It  crystallizes  iu  small  hexagonal  tables  which  dissolve  at  13°'5 
in  493,  and  at  100°  in  lO'J  parts  of  water.  It  is  not  decomposed 
liy  boiling  water,  and  if  the  aqueous  solution  is  mixed  with 
alcohol,  a  precipitate  of  NaTaO,  -|-  H3O  is  formed,  and  this 
becomes  anhydrous  on  ignition.  The  anhydrous  salt  is  also 
formed  by  the  ignition  of  the  hextantalate. 

Amvwniuyn   Tritantalate,  2NH^Ta30g  +  51I.p.     This  salt  ia 
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prodaced  by  the  addition  of  sal-ammoniac  to  a  solution  of  the 
sodium  salt,  and  is  a  precipitate  resembling  chloride  of  silver. 
It  is  slightly  sohiLle  in  water. 

WTien  tautaium  i>entoxi  Je  is  strongly  ignited  with  the  chlorides 
of  calcium,  magnesium  and  other  metals,  urystalliue  tantalates  of 
these  metals  are  obtained.' 


I 


HALOID  COMPOUNDS  OF  TANTALUM. 

565  Tantalum  Chloride,  TaClj,  is  obtained  by  heating  an 
intimate  mixture  of  the  pentoxide  and  carbon  in  a  current  of 
chlorine.  It  forms  light-yellow  needles  and  prisms  which  melt  at 
211°  and  boil  at  242°,  but  begin  to  volatilize  at  so  low  a  tempera- 
ttire  as  144°,  and  may  be  readily  sublimed  in  a  current  of  carbon 
dioxide  or  chlorine.  The  specific  gravity  of  the  vapour,  accord- 
ing to  Deville  and  Troost,  is  12-8,  the  calculated  density  being 
1 2*42.    It  fumes  in  the  air,  and  is  converted  into  tantalic  acid. 

Tantalum  Prntahromi/ic,  TaBr^,  is  prepared  in  a  similar  way 
to  the  chloride,  and  exhibits  properties  closely  resembling  this 
compound. 

Tantalum  and  iodine  do  not  combine. 

Tantalum  Pentajtuoride,  TaF^  is  only  known  in  solution.  If 
this  be  evaporated  even  at  a  moderate  temperature  some  of  the 
fluoride  volatUizes  whilst  tantalic  acid  remains  behind.  Tantalum 
fluoride  forms  double  salts  with  llie  other  mctidlic  fluorides. 

566  Fotassinm  Tantalofixurride,  K^TaF,.  The  mode  of  prepar- 
ing this  salt  has  been  aheady  described.  It  forms  small  rhombic 
needles  which  readily  melt,  but  it  does  not  decompose  when 
ignited  even  to  whiteness  in  a  platinum  vessel  It  is  easily 
soluble  in  hot,  though  sparingly  so  in  cold  water.  When  the 
solution  is  boiled  for  some  time  decomposition  takes  place, 
a  white  powder  of  the  oxyfluoride,  KJa^05F,4  =  4KF+  2Tar5 
-(-  Ta,Oj,  separating  out.  This  reaction  serves  to  detect  the 
smallest  quantity  of  tantalum  wlien  present  together  with 
niobium  oxyfluoride  (llarignac). 

Sodium  Tantalofluoridt,  Na„TaF^  ■\-  H^O,  is  obtained  by  a 
process  similar  to  tliat  of  the  potassium  salt,  or  by  dissolving 
sodium  hextantalate  in  hydrofluoric  acid.  On  evaporation  in- 
distinct crystals  of  NajTaF^,  separate  out,  and  then  eight-sided 
rhombic  tables  of  the  above  salt,  which  lose  their  water  under 
100°. 

>  J0I7,  Compt.  Rend.  Ixxxi.  266  and  1266. 
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Ammonium  TatUalo/luotnde,  (NH^)jTaF-.  This  is  prodnced 
when  ammonia  is  added  to  a  hydroQuoric  acid  solution  of 
tantalic  acid,  until  a  precipitate  begins  to  form,  the  solution  then 
being  evaporatetL  It  crystallizes  in  thin  quadratic  scales  or 
needles  which  are  easily  soluble  in  water. 

When  tantalic  acid  is  dissolved  in  an  acid  solution  of  am- 
monium Huoride,  regular  octohedrons  are  obtained  on  evaporatiou 
which  have  the  composition,  3N1I^F  -f  TaOF,. 

TANTALUM  AND  SULPHUR. 

567  Tantalum  TetrasvJpfiide,  TajSj,  is  obtained  by  acting  wpon 
white  hot  tantalum  pentoxide,  witli  a  mixture  of  hydrogen  anJ 
the  vapour  of  carbon  disulpMde.  It  is  a  grey  finely-granular 
friable  mass,  which  may  be  pressed  into  masses  resembling 
graphite,  and  these  on  burnishing  possess  the  colour  of  bra.<«. 
It  is  also  formed  wlien  the  chloride  is  ignited  in  a  stream  of  sul- 
phuretted hydrogen,  and  is  thus  obtained  in  crusts  resembling 
pyrites  in  ajipearance.  It  is  not  attacked  by  hydrochloric  acid 
even  oa  boiling,  and  nitric  acid  and  at^ua-regia  oxidize  it  but 
slowly. 


TANTALUM  AND  NITROGEN. 

"When  tantalum  chloride  is  heated  in  ammonia  gas  to  a 
temperature  not  above  the  point  of  volatilization  of  the  sal- 
ammoniac  which  is  formed,  an  amorfihous  yellowish-red  mass  of 
TajNj  is  obtained.  If  the  temperature  then  be  raised  to  redness 
black  tantalum  nitride,  TaN,  is  obtained,  and  this  exhibits  a 
metallic  lustre  wlum  burnished.  11.  Eose,  who  first  obtained 
this  compound,  believed  it  to  be  the  metal. 

Detection  axd  Estdiatiox  of  Tantalum. 

568  In  order  to  detect  tantalum  iu  a  mineral,  tantalic  acid 
must  be  prepared  from  it,  and  this  converted  into  a  soluble 
tantalate.  If  ferrocyanide  of  potassium  be  added  to  this  solu- 
tion, a  characteristic  yellow  precipitate  falls  down,  and  under 
the  same  circumstances  tincture  of  galls  likewise  produces  a 
bright  yellow  precipitate.  The  tantalum  compounds  do  not 
colour  a  bead  of  borax  or  of  microcosmic  salt. 
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Tantalum  is  determined  quantitativeh/,  eitlier  as  the  pent- 
bxide  or  as  potassium  tantaloflunride.  For  further  information 
on  this  point  see  the  NioLiiiiin  Cnnij)onnds. 

The  atotnic  weight  of  tantalum  wiis  determined  by  Marignac ' 
^by  the  analysis  of  tlie  potassium  and  ammouium  tantalofluorides. 

^^  569  The  history  of  this  metal  is  given  under  Tantalum.  The 
metal  was  first  obtained  by  Bloinstrand,-  by  reducing  the 
chloride  in  hydrogen,  as  a  miiTor-like  deposit  on  the  tube, 
but  it  was  not  certain  whether  this  was  the  pure  metal  or  a 
hydride.  Koscoe  *  obtained  it  in  the  foim  of  a  steel-grey 
crust,  by  piissing  the  vapour  of  the  pure  chloride  together 
with  hydrogen  repeatedly  through  a  red-hot  tube;  this 
•was  then  more  strongly  heated  in  a  porcelain  tube, 
through  which  hydrogen  was  passed.  The  metal  contained 
only  0-27  per  cent,  of  hydrogen  as  well  as  a  small  quantity  of 
chloride  and  oxide,  the  latter  being  derived  from  diffused 
air.  At  IS'-o  it  has  a  specific  gravity  of  40C.  It  takes  fire 
at  a  low  temperature  when  heated  in  the  air,  oxidising  witli 
vivid  incandescence,  and  also  burns  in  chlorine  when  slightly 
^fcrarmed.  It  is  hardly  attacked  by  hydrochloric  or  nitric  acid 
^^Vt  aqua-regia  even  when  heated,  but  dissolves  in  concentrated 
sulphuric  acid,  yielding  a  colourless  liquid. 


NIOBIUM  AND  OXYGEN. 


570  Niobium  Dioxide,  NbjOj,  is  formed  when  dry  potassium 
niobiiun  oxyfluoride  is  heated   with  sodium  under  a   layer  of 

tassium  chloride  over  a  gas    blow-pipe.     The  fused  mass  is 

iled  with  water,  and  the  residue  washed  with  water  and 
rwards  with  dilute  alcohol.    It  then  forms  a  white  powder 

hich  on  heating  in  the  air  oxidises  with  vivid  incandescence. 
When  gently  warmed  in  chlorine  gas  it  burns  with  formation 
oxychloride,  and  it  dissolves  in  the  moist  state  in  hydro- 
Woric  acid  with  evolution  of  hydrogen.  If  the  vapour  of  the 
o.xychloride  be  passed  over  heated  magnesium  wire,  the  same 
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•  .^im.  Chim,  Phv».  W,  ii.  251.  '  Joum  Praa.  Chtm.  xcrij.  87. 

'  ilrm.  Manch.  Ul.  and  Phil.  Soc.  [8]  vi.  186. 
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compound  is  formed  in  crystals  which  probably  belong  to  tlie 
regular  system. 

liiobiuvi  Tetroxide,  Nb^O^,  is  obtained  as  a  heavy  black 
powder,  which  appears  blue  by  reflected  light,  by  heating  the 
pentoxide  very  strongly  in  hydrogen.  It  is  not  attacked  by 
acids  and  burns  in  the  air  when  heated  to  redness. 

Niobium  Pentoxide,  Nb^O^.  Tliis  compound  is  obtained  in  .i 
similar  way  to  tantalum  pentoxide.  It  is  best  for  this  purpose 
to  employ  Greenland  columbite  which  is  converted  into  potas- 
sium niohfluoride,  this  is  purified  by  repeated  crystallisation, 
and  then  treated  as  has  been  described  under  the  corresponding 
tantalum  salt.  It  is  a  white  amorphous  infusible  powder  having 
a  specific  gravity  of  4u3,  which  becomes  crystalline  when 
strongly  heated,  It  may  be  obtained  in  prismatic  crj'stals  on 
fusion  with  boron  trioxide  or  borax. 

Niobium  Hydroxiile  or  Niobic  Acid,  HNbO,,  is  formed  by  the 
decomposition  of  the  oxychloride  or  pentachloride  in  moist  air  or 
by  water.  It  is  a  white  powder  wliich,  when  dried  at  100°,  retains 
varying  quantities  of  water,  and  in  general  possesses  properties 
analogous  to  those  of  tantalic  acid.  It  is  only  slightly  soluble 
in  hot  hydrochloric  acid,  but  the  residue,  after  this  treatment, 
can  be  dissolved  in  water.  On  t!ie  addition  of  zinc  the  solution 
becomes  blue  and  a  hydrated  precipitate,  probably  of  NbjO,, 
separates  out.  The  solution  of  niobic  acid  obtained  by  treat- 
ment with  hydrocbloric  acid  gives  on  the  other  hand  a  brown 
colour  with  zinc,  and  a  brown  oxide  separates  out  which  has  the 


composition  Nb^O^  =  NbjO^  +  2Nb,04.    Niobic  acid  is  easily 
soluble  in  caustic  alkalis  and  their  carbonates. 


NIOBATES. 
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571  Potassium  H(\rniohutc,'K^\0^^-ir\(illS>.  is  preparedly 
fusing  the  pentoxide  with  double  its  weight  of  carbonate  of 
potash,  dissolving  in  water,  and  evaporating  in  a  vacuum.  It 
forms  large  glistening  nioiioclinic  crystals  wluch  effloresce  on 
expo.sure  to  air.  If  caustic  potash  be  added  to  this  solution 
and  the  mixture  slowly  evaporated,  fine  rhombic  pyramids  of 
KjNbjO,3  +  13HjO  are  deposited,  and  these  effloresce  quickly 
on  exposure.' 

When  equal  molecules  of  niobium  pentoxide  and  potassium 
*  Marignac,  Ann.  Chim.  Phyt,  [4]  yiii.  20, 
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carbonate  <^re  fused  together,  a  distinctly  cr}'stalline  inaas 
is  obtained,  which,  when  treated  with  water,  yields  the  salt 
2KjNb^0„  +  11H„0.  If,  however,  a  larger  quantity  of  carbonate 
of  potash  be  employed,  the  compound  KjNh.Oj  +  llHjO  is 
obtained.* 

The   crystallised  sodium  niobates   described   by  Rose  were 

irepared  from  a  mixture  of  the  oxides  of  niobium  and  tantalum. 

ccording  to  Mariijnac,  these  crystallise  indistinctly,  and  appear 
to  be  mixtures.  The  niobates  of  the  metals  of  the  other  >:roui'>< 
have  been  prepared  by  Joly,  and  correspond  closely  to  thu 
tantalatcs. 
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57a  Kidblum  TricMoride,  K"bClj,  is  obtained  when  the  vapour 

of  the  pentachloride  is  slowly  passed  through  a  red-hot  glass  tube. 

It  forms  eitlier  crystalline  crusts  which  have  the  appearance  of 

iodine,  or  is  foiuid  crystallised  in  long  needles  which  are  dichroic. 

It  is  neither  volatile  nor  deliquescent ;  is  not  decomposed  by 

ater  or  ammonia,  but  is  easily  oxidized  by  nitric  acid.     AVheu 

leated  in  the  air  it  emits  thick  vapours,  and  when  ignited  in  a 

iirrent  of  carbon  dioxide  it  forms  niobium  oxychloride,  NbOClj, 

and  carbon  monoxide,  a  reaction  which  is  not  exhibited  by  any 

ither  metallic  chloride  (Roscoe). 

Niobium  Pentachloride,  NbClj.  When  an  intimate  mixture  of 
niobium  pentoxide  and  a  large  excess  of  sugar  charcoal  is  heated 
in  a  current  of  chloride  perfectly  free  from  air,  yellow  needles  of 
the  above  compound  are  formed.  These  fuse  at  194°,  and  boil 
at  24()°-5,  but  begin  to  sublime  at  125°.  The  yellow  vapour  has 
a  specific  gravity  of  9G  (Deville  and  Troost),  the  formida  re- 
quiring 9*38.  It  dissolves  in  hydrochloric  acid,  forming  a 
liquid,  which  gelatinises  on  standing,  and  when  diluted  with 
water  or  on  boding  almost  all  the  nioljic  acid  separates  out. 
etallic  zinc  brought  into  the  solution  turns  it  a  deep  blue 
colour. 

Niolnum,  Oxychloride,  or  Kiobyl  Chloride,  NT>OClp  is  formed 

ly  the  direct  union  of  the  dioxide  with  chlorine,  and  also  when 

a  mixture  of  pentoxide  with  a  small  quantity  of  carbon  is  heated 

in  chlorine.     It  is  hkewise  formed  by  repeatedly  distilling  the 

ntachloride  inacurrentof  carbon  dioxide  over  ignited  pentoxide. 

I  SautesROD,  SuU.  Soe.  Chim,  [2]  xxir.  63. 
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It  is  a  colourless  fibrous  crystalline  mass,  wluch  volatilises  witli- 
out  melting  at  about  400°,  giving  rise  to  a  colourless  vapour,  of 
■whjch  tbe  specific  gravity  was  determined  by  Deville  and  Troost 
to  be  7'88,  theory  requiring  7'48.  When  heated  in  carbon  di- 
oxide, and  still  more  readily  in  hydrogen,  it  decomposes  into 
pentoxide  and  pentacbloride.  It  deliquesces  on  exposure  to 
moist  air,  with  formation  of  crystallised  niobic  acid,  whilst  when 
brought  into  contact  with  water  it  decomposes  violently,  forming 
amorphous  niobic  acid. 

Niobium  Penlahromide,  NbBr,,,  is  prepared  in  the  same  wisy 
as  the  chloride,  and  is  a  purple-red  mass,  wliich  on  heating 
becomes  yellow  and  volatilises, 

Niohiittn  Ojijbromidc,  NbOEfg.  "Wlien  a  mixture  of  pent- 
oxide  and  double  its  weight  of  carbon  is  heated  ia  bromine 
vapour  a  yellow  voluminous  mass  is  obtained,  which  sublimes 
without  fusion,  and  when  heated  in  carbon  dioxide  is  converted 
into  the  pentoxide. 

Niohium  Pcntafluoride,  NbFj.  This  substance,  like  the 
fluoride  of  tantalum,  is  only  known  in  solution,  and  possesses 
analogous  properties  to  the  latter  compound. 

573  Niohium  Oxyfiuoridc,  NbOFg,  is  obtained  by  i^.Tiiting  a 
mixture  of  pentoxide  and  fluor-spar  in  a  current  of  hydro- 
chloric acid,  in  the  form  of  small  crj-stals,  closely  resembling 
zirconium  fluoride.  It  forms  double  salts  with  other  metallic  fluo- 
rides, of  which  tliose  of  potassium  and  ammonium  have  been 
investigated  by  Slarignac,  who  has  prepared  the  following ; 


(KF),M)0F3  -(-  up. 

(NH,F),NbOF3. 

(KF)3NbOFj. 

(NH,F)3NbOF3. 

(KF),{NbOF^3-f-H,0. 

(NH,F),(NbOi^,-(-H,0, 

(KF),(NbOF,),  -h  2HiO. 

NH^FNbOFy 

HFCKF^aNbOFj. 

(NHJOjNbOFjNbFj. 

i 


Tliese  are  crystallisable,  and  are  formed  by  dissolving  niobic 
acid  in  a  larger  or  smaller  quantity  of  hydrofluoric  acid,  and 
adding  the  other  fluorides  in  various  proportions.  The  fiist 
salts  of  the  two  series,  which  Marignac  terms  normal  salts,  are 
those  which  are  readily  formed.  The  normal  potassium  salt 
is  formed  whenever  the  others  are  re-crystallised,  and  is  de- 
posited in  the  form  of  thin  monoclinic  scales  isoraorphous  with 
potassium  tungsten  oxyfluoride,  (KF)3W0jFj,  and  with  potas- 
sium titanium  fluoride,  K^TiF^.  By  dissoln'ng  this  in  hot 
hydrofluoric  acid  potassium  niob-fluoride,  KjNbF.,  is  form^. 
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rwhich  deposits  in  glistening  rhomliic  needles.  The  normal 
ammonium  salt  crystallizes  in  rhombic  tablets,  and  is  isomor- 
phous  with  ammonium  tungsten  oxyfluoride,  (NH^I^gWOjFj. 


b 


NIOBIUM  AND  SULPHUR. 


574  Niobium  Oxysidphidc,  NbOSj,  is  formed  when  carbon 
dioxide  mixed  with  the  vapour  of  disulphide  of  carbon  is  passed 
over  the  white-hot  peutoxide.  It  is  a  black  or  brass-coloured 
crystalline  powder.  The  same  compound  is  easily  formed,  as  a 
black  woolly  mass  by  heating  the  oxychloride  in  sxdphurelted 
hydrogen.  This  powder,  when  rubbed  in  an  agate  mortar, 
attains  a  steely  lustre,  and  when  heated  burns  in  the  air  with 
formation  of  pentoxide. 


NIOBIUM  AND  NITROGEN. 


^iformation 

■[    "When  niobium  pentoxide  is  heated  to  whiteness  in  ammonia 
"it  loses  the  half  of  its  oxygen,  «nd  forms  a  black  powder  con- 
taining nitrogen.     If  niobium  oxychloride  be  treated  with  dry 
ammonia,  it  becomes  hot  and  turns  yellow.     This,  when  heated, 
gives  ofif  sal-ammoniac,  and  a  black  powder  remains  behind, 
which,  when  melted  with  caustic  jwlash,  yields  amnionia  in 
large  quantity,  and  on  heating  in  the  air  burns  with  incand- 
^— escence.    It  is  not  attacked  either  by  boiling  nitric  acid  or  aqua- 
^^gia,  but  dissolves  readily  in  a  mLxture  of  hydrofluoric  and 
nitric  acids. 


Detection  and  Estimation  of  Niobium. 

575  Tlie  solution  of  a  niobate  yields  with  potassium  ferro- 
cyanide  and  hydrochloric  acid  a  deep  brown  precipitate.  Under 
some  circumstances  tincture  of  gaUs  or  tannic  acid  gives  an 
orange-red  precipitate.  When  zinc  is  added  to  the  acidified 
solution  the  whole  becomes  blue  and  afterwards  brown, 
lilicrocosmic  salt  or  borax  easUy  dissolves  the  pentoxide,  and 
a  bead  is  obtained  which  becomes  violet,  blue,  or  brown,  in 
the  reducing  flame  and  red  on  the  addition  of  ferric  oxide. 

The  qvantitative  determination  and  separation  of  niobium  is 
best  understood  from  the  following  description  of  Rose's  metliod. 
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given  by  Eammelsberg,  for  the  analysis  of  tantalitea  and  colum- 
bites.*  The  niLxture  of  oxides  obtained  by  fusion  with  acid  potas- 
sium suliiliate  and  lixiviatiou  with  water,  is  fused  with  sulphur 
and  sodium  carbunate,  the  fused  mass  treated  with  wat^r,  when 
any  tin  sulphide  or  tungsten  sulphide  which  may  be  present  is 
dissolved.  Tbe  residual  o.xides  of  tantalum  and  niobium  are 
then  treated  with  dilute  sulphuric  acid  in  order  to  remove  the 
iron,  and  again  fused  with  acid  potassium  sulphate,  and  the 
oxides  separated  out  by  boiling  the  mass  with  water,  wliilst 
any  iron,  manganese,  zinc,  copper,  or  tin  which  may  still  be 
present  is  found  in  solution. 

In  ortler  to  separate  niobium  from  tantalum  the  purified 
oxides  are  fused  with  potassium  fluoride,  the  mass  digested  with 
a  large  quantity  of  water,  and  the  solution  boiled  after  addition 
of  some  hydrofluoric  acid.  On  cooling,  the  largest  portion  of  the 
tantalum  separates  out  chiefly  as  tantalofluoride.  The  filtrate  is 
evaporated  to  two-thirds  its  bulk,  allowed  to  stand  twenty-four 
hours  in  the  cold,  and  the  rest  of  the  salt  thus  obtained.  Some- 
times a  third  evaporation  of  the  filtrate  is  necessary.  The 
potassium  tantalofluoride  cnn  then  be  weighed,  but  it  generally 
contains  some  irnu  which  must  be  separated  by  heating  with 
sulphuric  acid,  the  purified  tantalum  being  weighed  as  the 
pentoxide. 

The  sohition  wliioh  contains  the  niobium  is  also  evaporated 
with  sulphuric  acid,  the  residue  ignited  and  well  washed  with 
water,  and  again  ignited,  when  niobium  pentoxide  remains  be- 
hind. This  iii:iy  still  contain  a  trace  of  titanium.  In  order 
to  tree  it  from  this  metal  tbe  fluo-double-salts  are  wanned  with 
hydrochloric  acid  and  zinc,  when  the  titanium  compound  is  re- 
duced, and  its  amount  estimated  by  volumetric  analysis  with 
potassium  pennanganate. 

The  alomic  wcinht  of  uiobium  was  determined  bv  Mari^nac^ 
to  be  94,  from  numerous  analj'ses  of  potassium  niobium  oxy- 
fluoride. 

'  Fogy,  Jinn,  cxliy,  66,  •  Arm.  Chim,  Phys.  [i],  viii.  16. 
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Gold. 

Palladium. 

Ruthenium 

riatinum. 

Rhodium. 
Iridium. 

Osmium. 

'576  Tlie  above  metals  may  be   divided   into   three   classes 
according  to  their  different  behaviour  with  oxygen. 

(1)  Gold  and  platinum  do  not  combine  directly  with  oxygen 
under  any  circumstance^. 

(2)  Palladium,  rhodium,  and  iridium  oxidise  when  they  are 
heated  in  the  air  or  oxygen,  but  their  oxides  decompose  on 
strong  ignition  into  metal  and  oxygen. 

(3)  Ruthenium  and  osmium  unite  with  oxygen  to  form 
volatile  oxides  which  do  uot  undergo  decomposition  even  at  the 
highest  temperatures. 

Gold  and  silver  were  in  former  times  classed  by  themselves 
as  the  noble  metals.  Afterwards  platinum  and  the  other  metals 
of  this  group,  which  do  uot  unite  directly  with  oxygen,  were 
likewise  included  under  this  term.  The  lower  oxides  of  this 
group  of  metals  act  as  weak  baae^ ;  the  higher  ones  on  the 
other  hand  assume  the  diameter  of  acid-forming  oxides.  The 
gold  group  is  connected  with  the  iron  group  of  metals  inasmuch 
as  many  of  its  members  form  compounds  resembling  the  cobalt- 
amines  and  the  double  cyanides  of  iron. 


GOLD  (AURUM)  Au,  =  196-2. 

577  Of  all  the  metals  gold  was  probably  the  first  to  attract  the 
attention  of  man,  its  occurrence  in  the  native  state,  its  brilliant 
lustre  and  its  unalterability  rendering  it  an  object  of  value 
from  very  early  times. 

Metallic  gold  is  mentioned  in  the  Old  Testament  and  in 
Homer,  and  the  various  names  by  wliich  it  is  designated  denote 
lustre  or  fine  colour.  Thus  the  Hebrew  zaMb,  the  root  of  which 
signifies  to  glitter;  whilst  the  Greek  word  ;^pi;(r6?  probably 
derived  from  the  Sanscrit  hiranya  also  signifies  to  glitter  or 
flame.  Our  word  "  gold  "  probably  is  connected  with  jvalita, 
which  also  occurs  in  Sanscrit  and  which  is  derived  from  pal 
which  also  means  to  shine.  As  being  the  most  perfect  of  the 
metals  gold  was  compared  by  the  alchemists  to  the  sun  ;  to  it  was 
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attributed  the  most  singular  virtues,  and  strenuous  efforts  were 
directed  to  the  transmutation  of  the  baser  metals  into  ©  (Sol).* 

Gold  is  usually  found  in  the  native  state,  but  never  perfectly 
pure,  being  always  alloyed  with  more  or  less  silver.  If  it  con- 
tain more  than  36  per  cent,  of  the  latter  metal  it  is  termed 
clcdnim.  Native  gold  usually  also  contains  traces  of  iron  and 
copper,  as  well  as  some  of  the  other  metals  of  the  preaenl 
group.  An  amalgam  of  gold  also  occurs  in  nature.  Gold  is 
likewise  found  iu  the  following  combinations :  bismuth-aurite, 
AUjBi ;  calaverite,  AuTe, ;  sylvanite  or  giBphic  tellmiuni, 
(AuAg)2Tej ;  nagyagite  or  black  tellurium,  (PbAu)j(TeSSb)5. 
Traces  of  gold  occur  in  many  pyrites,  blendes,  and  other  ores. 
It  has  also  been  found  in  sea-water. 

Native  gold  is  generally  found  in  situ  in  quartz-veins  or  reefa 
wliich  intersect  mctamorphic  rocks,  and  to  some  extent  also  in 
the  wall-rock  of  these  veins.  Metamorphic  rocks  which  are 
thus  intersected  are  generally  chloritic,  talcose,  and  argillaceonfl 
schists ;  also,  though  less  commonly,  mica-  and  hornblende-schists, 
gneiss,  diorite,  and  porpliyrj-,  and,  still  more  rarely,  granite. 
Gold  is  frequently  found  ciystalline,  the  commonest  forms  l>eing 
the  octohedrou  and  tetraliedron.  The  crystals  are,  however,  some- 
times acicular,  through  elongation  of  these  two  forms,  passing 
into  filiform,  reticulated,  and  arborescent  shapes  and  occasionaUy 
exhibiting  a  spongy  form  from  the  aggregation  of  filaments.  It 
frequently  occurs  in  masses  termed  nuggets,  in  thin  laminse,  and 
often  in  flattened  grains  or  scales  and  in  rolled  masses  in  sand  or 
gravel  Sometimes  indeed  it  is  so  finely  disseminated  through- 
out the  quartz  that  it  is  not  visible,  though  present  in  quantities 
sufficient  to  pay  for  its  extraction. 

The  occurrence  of  gold  is  not  confined  to  the  above-named 
rocks,  but  it  is  found  in  many  formations,  even  up  to  the  ch«lk. 

The  sands,  gravels,  and  clays  formed  by  the  disintegration  of 
the  gold-bearing  rocks  form  one  of  the  most  important  sources 
of  the  precious  metal,  and  these  alluvial  deposits  often  occur  of 
considerable  thickness  and  of  great  extent,  those  of  the  Yuba,  an 
aQluent  of  the  Feather  ILiver  in  California,  varying  from  80  to 
250  feet  in  deptli  and  averaging  probably  120  feet 

578  Although  gold  occurs  widely  distributed  in  nature  it 
is  only  in  certain  places  where  it  is  found  in  quantities 
sufiicient  to  repay  the  process  of  extraction.  The  most 
important  European  localities  ore  Hungary  and  Tranaylrania. 

'  Thoiie  interested  in  the  processes  empWed  hj  the  alchetniats  iu  iho  s«*rcb 
after  the  philosopher's  gtoue  ore  referred  to  Thonuon'a  Sutoty  of  Ckemittrif^ 
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These  formerly  yielded  a  considerable  portion  of  the  gold 
which  came  into  commerce;  hut  their  importance  as 
gold-hearing  localities  has  recently  much  diminished.  Gold 
is  also  found  in  the  Alps,  but  tlie  mines  there,  which  were 
worked  from  the  times  of  the  ancients,  are  now  altogether 
abandoned  or  worked  but  very  shghtly.  Thus,  for  instance,  at 
Zell  in  the  Zillerthal  in  the  Tyrol,  and  at  Vonispatak  in 
Transylvania,  gold-mining  is  still  carried  on. 

The  sands  of  all  the  rivers  which  flow  from  the  Alps  contain 
ikL  Thus,  for  instance,  the  santis  of  the  Upper  Rhine  have 
for  centuries  been  washed  for  gold  although  the  richest  portion 
of  the  sand  contains  only  about  56  parts  of  gold  to  10  million. 
Gold  has  also  been  found  in  many  streams  in  Cornwall,  and  the 
precious  metal  has  been  worked  at  Dolgelly  and  other  parts  of 
North  Wales,  in  Scotland,  especially  near  Leadhills,  and  in 
Glencoich,  and  other  parts  of  Perthshire,  in  County  Wicklow, 
and  in  Sweden.  Gold  has  also  been  found  in  Spain,  where  mines 
were   worked  by  the    Itoraans.     In  Asia  gold  occurs   chiefly 

the  eastern  flanks  of  tlie  Urals  and  in  other  parts  of  Siberia, 
ut  this  metal  has  been  found  in  almost  all  parts  of  this  conti- 
nent, especially  in  India.  The  vessels  of  gold  in  the  possession 
of  the  ancient  Scythians,  which  according  to  Herodotus  were 
said  to  have  fallen  from  the  skies,  were  probably  made  from 
Uralian  gold.  The  mines  in  the  Urals  weie  however  not 
opened  until  the  year  1819,  but  they  soon  became  of  such 
importance  that  they  supplied  the  greater  portion  of  the 
world's  requirements  until  the  discovery  of  Califomian  gold. 

Africa  also  contains  much  gold.  Thus  a  considerable  quantity  of 
gold-dust  has  been  found  in  Abyssinia,  also  on  the  coast  opposite 
Madagascar,  supposed  to  be  the  Ophir  of  Solomon,  and  in  various 
parts  of  the  inteiii  ir  of  the  western  portion  of  the  continent  whence 
it  was  formerly  shipped  to  the  gold-coast.  Indeed  this  source, 
together  with  that  of  Hungary  and  the  Brazils,  yielded  the  chief 
lupply  of  gold  up  to  the  beginning  of  the  present  century. 

About  that  time  gold  was  first  found  in  the  United  States, 
and  gold-mining  was  carried  on  in  the  Caroliuas,  as  well  as  in 
iVii;ginia  and  Georgia. 

579  Since  the  year  1S49  gold-bearing  regions  have  become 
known  which  in  richness  far  surpass  all  those  hitherto  known.  In 
ijthat  year  gold  was  discovered  in  California  by  Colonel  Sutter, 
who  having  erected  a  saw-mill  saw  that  the  water  which  was 
to  work  the  mill  contained  particles  of  gold.  The  attempt  to 
keep  this  discovery  secret  naturally  failed,  and  the  few  hundred 
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inhabitants  of  the  city  of  San  Francisco  rushed  to  the  gold- 
diggings,  and  these  were  soon  followed  by  emigrants  from  all 
ports  of  the  world.  For  the  first  few  years  Califomian  gold 
was  obtained  entirely  from  alluvial  washings,  but  since  1852 
true  gold-mining  has  been  on  the  increase.  Tlie  gold-bearing 
quartz-reefs  are  often  very  large.  Those  on  the  Mariposa  estate 
average  twelve  feet,  but  in  some  cases  extend  to  40  feet  in 
breadth.^  Besides  those  of  California,  other  considerable  gold- 
fields  exist  in  the  western  portion  of  the  North  American  conti- 
nent, reaching  from  Mexico  up  to  British  Columbia.  The 
enormous  extent  of  some  of  these  mines  may  be  gathered  from 
tlie  following  statement.  Two  neighbouring  mines  near  Virguu* 
City  in  Nevada  yielded  in  the  year  1 877  the  following  quantities : 


Caliromian  mine .    . 

Consolidated       Tir- 
giniAU  mine     ,     . 


Oreia 

tons. 


213,683 
143,200 


356,883 


Value  per 

ton  in 
dullars. 


93 
96 


Value  in  dolls,  of  tba  o1 


ibtoioedl 


Gold. 


9,386,745 
6,210,518 


15,597,263 


Silni^ 


9.538,105 
7.523,482 


17.061,587 


And  these  two  companies  in  the  same  year  paid  a  dividend  to 
the  shareholders  of  22,080,000  dollars. 

580  Australia  is  another  country  especially  rich  in  gold-fields. 
The  principal  gold-mines  occur  in  the  table-lands  of  New  South 
Wales  and  along  the  continuation  of  the  Australian  Cordillera 
in  Victoria. 

It  is  a  matter  of  general  notoriety  that  many  years  before 
anything  was  published  respecting  the  existence  of  gold  in 
Australia,  gold  was  often  brought  into  Sydney  by  shepherds  and 
settlers  in  the  bush.  The  actual  occurrence  of  gold  in  Australia 
was,  however,  first  discovered  by  Count  Strzelecki  in  the  year 
1839,  but  this  was  not  made  known  at  the  time,  inasmuch  as 
the  Governor  feared  the  consequences  of  such  a  statement  in  the 
then  condition  of  the  colony.  In  1843—4  Count  Strzelecki  re- 
turned to  England  and  exhibited  his  nuggets  and  gold  specimens 
to  Sir  Eoderick  Murcliisou,  who,  arguing  from  the  comparison  of 
the  geological  features  of  these  and  the  gold-bearing  Urals, 
predicted  that  gold  would  be  found  widely  distributed  in  the 
eastern  chains  of  the  Australian  mountains.  In  the  years 
1841—3  gold  was  also  found  by  the  Eev.  W.  D.  Clarke,  an 
•  See  J,  D.  Whitney's  Otology  iff  California, 
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Australian  geologist     To  Mr.  Hargreaves,  an  old   Califomian 
gold-digger,  however,  the  honour  belongs  of  proving,  in  1851, 
■Bbat  gold  exists   in   large  quantities  in   various   piarts   of  the 
^Holon}',  and  of  showing  how  it  could  he  readily  obtained  from 
r    alluvial  deposits  by  means  of  the  cradle.     The  iirst  discovery  of 
workable  gold-fields  was  made  at  Ophir,  and  this  soon  led  to 
tiie  finding  of  the  precious  metal  in  the  soil  and  rocks  of  the 
colony  over  tracks  many  miles  in  extent.    After  a  short  time 
the  proclaimed  gold-fields  extended,  with  a  few  intervals,  the 
whole  length  of  the  colony,  and  westward  about  200  miles,  com- 
prising an  area  of  about  1,35G  square  miles,  and  numbering 
more  than  eighty  distinct  fields.' 

The  following  table  gives  the  weight  and  value  of  the  gold 
produced  in  New  South  Wales  each  year  from  1851  to  1874  : 

Quantity  of  Gold  produced  in  New  South  Wales. 


Year. 

Oz. 

Value. 

£     S.     d. 

1851 

144,120-808 

468,366  0  0 

1852 

818,751-9:^ 

2,660,94(;  0  0 

1853 

548.052-99 

1,781,172  0  0 

1854 

237,910-69 

773,209  (t  0 

1855 

171,367 

654,594  0  0 

1856 

184,600 

689,174  0  0 

1857 

175,949 

674,477  0  0 

1858 

286,798-65 

1,104,174  12  2 

1859 

329.363-41 

1,259,127  7  10 

1860 

384,053-91 

1,465,372  19  9 

1861 

465,685-37 

1.806,171  10  8 

1862 

640,622-79 

2,467,779  16  1 

1863 

466,111-63 

1,796,170  4  0 

1864 

340,267-02 

1,304,926  7  11 

1865 

320,316-73 

1,231,242  17  7 

1866 

2'J0,014-21 

1,116,403  14  5 

1867 

271,886-47 

1,053,578  2  11 

1868 

255,622-38 

994,655  0  5 

1869 

251,491-79 

974,148  13  4 

1870 

240,858-10 

931,016  8  6 

1871 

323,609-79 

1,2.50,484  15  11 

1872 

425.129-91 

1,643,581  16  11 

1873 

361,78471 

1,395,175  8  7 

1874 

270,823-31 

1,040,328  13  6 

Total 

8.205,232-598 

£30,536,246  10  6 

»  Livcrsidge,  Tratu.  Roy.  Soc  N.S.  W.  ix.  163. 
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The  quantity  and  value  of  gold  yearly  exported  from  Victoria 
from  1851  to  1865,  is  given  bolow. 

Quanii/y  of  Gold  carried  from  Victoria. 


Year. 

Qoantity. 

Value. 

Oz.      dwt.  gr. 

£        8.    d. 

18nl 

145.137    3  12 

580,548  12    0 

1852 

1,988.526  10  13 

7,954,106     0    0 

1853 

2.497,72:!  15  16 

9,990,895     0    0 

1854 

2,144.699     9  19 

8,578.797  16     0 

1855 

2,575,745    4  17 

10,302,980  16     0 

1856 

2,985,695  17     0 

11,942,783     8    0 

1857 

2,761,528    8    0 

11,046,113  12    » 

1858 

2,555,263    0    0 

10.221,052     0    ti 

1859 

2,280.525  14     0 

9,122,102  16    0 

1860 

2,128,466  11     0 

8,51.3,866    4    u 

18G1 

1,978,804  in     0 

7,915.458  12    0 

1862 

1,662,448  18     0 

6,649,795  12    0 

18G3 

1,627,066     0     0 

6,508,264    0    0 

18(54 

1,545,449  15     0 

6,181,799     0     0 

1865 

1,545,450    0     0 

6,181,800     0    0 

Total 

Oz.  30.422,591     0     5 

£121,690,363     8    0 

In  addition  to  the  above,  which  was  exported  through  the 
Custom  House,  it  is  estimated  that  about  3,941,150  oz.  waa  also 
sent  away  through  other  channels,  or  manufactured. 

The  amount  of  Victorian  gold,  alluvial  and  quartz,  raised 
since  1868  ia  found  in  the  following  table : 


Year. 

AllffriaL 

Qnattz. 

Oz. 

Oz. 

1868 

1,087,502 

597,416 

1HG9 

934,082 

610,674 

1870 

718,729 

58.-.,  575 

1871 

698,190 

670,725 

1872 

639,551 

691,826 

1873 

504,250 

666,147 

1874 

433,283 

664.360 

1875 

426,611 

641,806 

1876 

357,901 

6(t5,859 

1877 

289,754 

519.899 

NATIVE  GOLD. 
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These  figures  show  a  steady  annual  decrease  since  1868  in  the 
amount  of  gold  obtained  from  alluvial  deposits ;  the  total  de- 
crease is  797,748  oz.  This  reduction  in  the  yield  is  owing  to  the 
gradual  and  inevitable  exhaustion  of  the  auriferous  drifts  of  the 
earlier  discovered  gold-fields,  and  to  the  non-discovery  in  later 
years  of  mining  areas  of  sutticient  extent  and  richness  to  com- 
pensate for  the  diminished  yields  obtained  from  the  older 
alluvial  workings.  The  yield  of  gold  from  quartz-mines  has 
not  increa.sed  during  lfS77,  and  the  return  for  this  year  is  the 
smallest  recorded  during  the  j^aat  ten  years.i 

Grold  has  also  been  found  in  New  Zealand,  Queensland, 
Tasmania,  New  Caledonia,  and  al.so  in  India.  The  Australian 
is,  as  a  rule,  much  purer  than  the  Califomian  gold,  but  it  is 
a  singular  fact  that  the  average  fineness  of  the  gold  found  in 
the  several  Australian  colonies  shows  a  regular  depreciation  as 
we  advance  northwards.  Thus  tlie  average  fineness  of  Victorian 
gold  is  about  960 ;  that  of  the  New  South  Wales  gold  is 
9oo.  while  still  further  north  in  Queensland  the  average  fine- 
ness is  872,  and  Maryborough  gold  contains  only  85  per  cent,  of 

lid  and  as  much  as  14  per  cent  of  silver.'    Very  large  nuggets 

Occur  in   Australian  fields ;  thus,  for   instance,  one  found   at 

arat  weighed  184  pounds  and  was  valued  at  8,376/.  lOs.  6(/. 

Composition  of  Native  Gold.  The  following  table  gives  the 
composition  of  several  kinds  of  native  gold : 


LocalitT    . 

n-irhan 
(SlebeD- 
bUrg«n). 

Kalhariue- 

brre 

(Ur.7). 

8enfg»l. 

BoUvU. 

CsllfomlL 

Alutnlla. 

MltU- 

MltU 

(AoatnlU) 

Aa«l^.  . 

Ron 

Boas. 

LeroL 

FarbM. 

BdbL 

Northcotc 

Wud. 

Gold  .    . 

saver .     . 
Iron    .     . 
Copper 
Plntinum. 
Bismuth , 

84-80 

14fla 

018 

004 

93-84 
6--28 
0-32 
0  06 

94-40 

5-85 

0-15 

94-73 

6-23 
0-0* 

6S-34 
10-76 

99-28. 
0-44 
0-20 
0-07 

0-01 

89-57 
10-43 

99-66    i   99-60 

10000 

100-00 

10000 

100-00 

100-00 

581  Gold-mining.  Tlie  first  method  of  gold-mining,  namely, 
allvvvd-wnshing  or  jilacer-digging,  as  it  is  termed  in  California, 
carried  on  from  the  simple  pan-washing  to  hydraulic-mining  on  a 
Stupendous  scale,   necessarily  requii«s  a  considei-able  quantity 

'  Mineral  .^latistict  of  Victoria  for  1877.  (PaWi.thed  l>y  the  Alinister  of  Mines.) 
•  F.  B.  Miller,  Traiu,  Roy.  Soc.  A-.S.  W.  1870. 
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of  running  water.  This  or  a  similar  process  was  in  tise 
amongst  the  ancients ;  tlius  Pliny  describes  the  "  bringing  of 
rivers  from  the  mountains,  in  many  instances  for  a.  hundred 
miles  for  washing  the  diibris,"  &c.,  &c. 

The  washing  apparatus  is  simple  enough  though  frequently 
ingenious.  The  simplest  of  all  these  operations  is  tliat  termed 
pan-wasliinfi,  in  which  a  shallow  pan  is  used,  of  iron  or  zinc, 
sinking  into  a  cavity  in  the  middle  into  which  the  lieavy  par- 
ticles collect,  whilst  the  lighter  dirt  is  washed  away.  The 
wash-dirt  or  wash-stuff  is  brought  into  the  pan  in  a  stream 
of  running  water  and  the  mass  well  stirred  up  with  the  hand 
80  that  the  larger  stones  and  heavy  particles  are  left  whilst 
the  mud  flows  over  the  edge  of  the  pan.  The  gold,  which  is 
found  when  the  stones  are  picked  out,  is  usually  mixed  with 
magnetic  sand  ;  it  is  dried  and  then  brought  into  a  shallow  dish 
and  the  black  sand  separated  by  blowing,  the  whole  being  kept 
in  a  state  of  constant  rotation. 

Tlie  cradle  is  another  simple  apparatus  for  gold-washing,  much 
used  in  the  early  days  of  the  gold  discoveries  in  California  and 
Australia.  It  consists  of  a  trough  or  cradle  of  wood  or  iron 
sLx  or  seven  feet  in  length  under  which  i-ockers  are  placed,  so 
arranged  that  the  cradle  has  a  slanting  position  to  allow  the  mud 
and  water  to  run  off.  At  the  top  of  the  cradle  is  a  grating 
or  sieve  upon  which  the  wash-stutT  is  thro\vn,  and  tranverse 
Lara  of  wood  are  placed  across  the  bottom  of  the  cradle  to 
arrest  the  passage  of  the  heavier  particles  of  gold.  Four  men 
are  needed  to  work  this  efficiently ;  one  digs  out  the  auriferous 
wash-stuff,  another  brings  it  to  the  cradle,  a  third  rocks  the 
trough,  and  the  fourth  attends  to  the  proper  supply  of  water 
and  the  uniform  washing  of  the  materiaL 

5S2  Hydmulic  Gohl-mining.  The  system  of  hydraulic  mining 
carried  out  in  California  on  a  stupendous  scale  will  best  be  un- 
derstood by  the  following  quotation  from  Professor  Silliman  : — 

As  the  shallow  placers  in  the  ravines  and  river-beds  in  Cali- 
fornia became  exhausted,  the  necessity  for  adopting  a  method 
for  economically  working  the  deep  placers  was  felt.  This  has 
been  done  by  the  introduction  of  hydraulic  mining,  requiring 
the  construction  of  canals  and  aqueducts  to  convey  water  from 
the  fountain-heads  to  the  ground  to  be  worked,  as  well  as  the 
opening  of  tunnels  and  shafts  in  the  bed-rock,  in  which  the  gold 
occurs,  for  the  discharge  of  the  gravel.  The  capital  and  lalwur 
expended  on  these  works  in  California  since  the  year  1853 
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been  enormous.  In  order  to  work  the  pi-ocess  satisfactorily  the 
whole  mass  of  the  auriferous  gnivel  must  first  be  moved  quite 
down  to  the  bed-rock.     This  must  be  accomplished  by  water 

•  alone,  aud  the  whole  compact  conglomerate  must  be  thus 
mechanically  disintegrated  whilst  the  gold  is  deposited  and 
collected  in  the  process  of  wasliing.  These  conditions  are  in 
practice  met  by  the  following  arrangement.  The  mining  ground 
having  been  selected,  a  tunnel  is  projected  from  tlie  nearest  and 
most  convenient  ravine.     So  that  starting  in  the  bed-rock  on 

•the  face  of  the  ravine  it  shall  approach  the  centre  of  the  gravel 
mass  to  be  moved  at  a  gradient  of  from  1  in  12  to  1  in  20.  This 
tunnel  is  usually  six  feet  wide  and  seven  feet  high  and  varies  in 
length  from  a  few  hundred  feet  to  many  thousands.     The  end 
of  the  tunnel  is  arranged  so  as  to  be  from  50  to  100  or  more 
feet  below  the  under  surface  of  the  gravel.     At  this  point  a 
shaft  is  sunk  through  the  gravel  and  bed-rock  uutil  it  intersects 
the  tunnel     Throughout  the  length  of  the  tunnel  sluice-boxes 
are  laid  so  as  at  once  to  direct  the  stream  of  water  and  to  save 
tlie  gold.     For  this  purpose  a  trough  of  strong  planks  is  built  in 
B  the  tunnel  2  J  feet  wide,  the  bottom  of  which  consists  of  blocks  of 
wood  placed  about  two  inches  apart,  and  in  the  interstices  thus 
left  a  small  quantity  of  quicksilver  is  placed  to  aid  in  catching 
the  heavy  particles  of  gold  which  fall  into  these  hollow  places. 
H  The  water  from  the  canal  is  brought  by  aqueducts  to  the  head 
H_of  the   mining-ground  with   an   elevation  of  100  to  400  feet 
Kpfaove  the  bed-rock  and  it  is  conveyed  into  the  bottom  of  the 
^^mining  claims  by  iron  pipes  sustained  on  timbers.     These  com- 
municate at  the  bottom  with  a  strong  bo.x  of  cast-iron,  at  the 
B  top   and    sides   of   wliich   are  openings  for  the  adaptation  of 
^  flexible  pipes  which  end  in  nozzles  sometimes  of  three  to  five 
inches  in  diameter,  from  which  a  stream  of  water  issues  under 
B  gre^t  pressure  and  with  immense  force,  and  these  are  allowed 
~  to  play,  as  is  seen  in  Fig.  1G8,  on  the  surface  of  the  auriferous 
conglomerate.     Under  the  continuous  action  of  this  enormous 
K  mechanical  force  aided  by  the  softening  power  of  water,  large 
™  sections  of  the  mass  come  crushing  down  with  great  violence ; 
the  di'bris,   quickly  disintegrating  and  disappearing  under  the 
resistless    force  of  the  torrent  of  water,  is  hurried  forward  to 
_  the   mouth   of  the  shaft  down  which  it  is  precipitated  with 
H  the  whole  volume  of  tiu'bid  water.     This  then  finds  its  way 
down   the    tunnel  wliiuh  is  cleared  at  intervals  of  from   ten 
to  twenty  days,  the   whole   of  the  pavement  of  the  blocks 
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being  temoved  and  the  amalgam  of  gold  and  "rich  dirt" 
contained  in  the  interstices  is  taken  out,  the  blocks  replaced,  and 
the  operation  continued.  Rude  as  this  method  of  saving  the 
gold  appears,  experience  shows  that  more  gold  is  saved  by  it 
than  by  any  other  method  of  washing  yet  devised,  while  tlie 
economical  advantages  it  offers  are  incomparably  greater  than 
any  other.  Indeed  it  would  be  absolutely  impossible  to  handle 
60  vast  a  body  of  poor  material  in  any  other  way  now  known. 
To  show  the  enormous  advantage  gained  by  the  present  system 


fia.  168. 


of  working  compared  with  those  formerly  in  use,  Mr.  Black,  a 
Californian  engineer,  states  that  taking  a  miner's  wages  at  four 
dollars  a  day,  the  cost  of  handling  a  cubic  yard  of  auriferous 
gravel  is  as  follows : 

With  the  pan 20  dollars.  ~ 

„     „    rocker       ...       5 

„     „     long  torn  ...        1  dollar. 

„      „     hydraulic  process       0'2     „i 

583  Qnarfs-mminrf.     Tlie  mining  operations  carried  on  in  the" 
gold-bearing  quartz-reefs  are  not  diflerent  from  those  used  in 
the  case  of  other  ores.     In  order  to  extract  the  gold  bom  the 

'  B.  Sillimnn,  "  On  the  Deep  Pincers  of  the  South  and  Middle  Yub«,  Coli- 
fomU,"  Amtr.  Jimrn.  Sei.  and  Art,  [21,  il.  1.  ' 
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gue  the  wliole  mass  must  be  well  pulverized.  A  variety  of 
hanical  contrivances  are  emplo^'ed  for  this  purpose,  stamp- 
ing with  iron  stamps  being  probably  the  best.  The  gold  is 
extracted  from  the  powdered  mineral  by  means  of  mercury, 
to  which  sometimes  a  small  quantity  of  sodium  is  added. 
The    ajiplication    of  sodium  was    iiroposed    by   11.   Wurtz  of 

ew  York,  and  by  Mr.  Crookes  in  England,  and  for  some 
,e  it  was  employed  considerably,  but  its  use  has  not  become 

neraL  The  use  of  sodium  was  suid  to  be  especially  advan- 
eous  in  the  case  of  the  presence  of  pyrites.  After  the  gold 
algam  has  been  well  pressed,  it  is  heated  in  ii'on  retorts,  and 

e  porous  gold  which  remains  melted  and  cast  in  iron  moulds. 

584  GM  Extraction  h/  Chlorine.  For  tlie  purpose  of  extracting 
gold  from  auriferous  pyrites  Plattner'a  chlorine  method  is  some- 
times employed,  lu  California  the  "  tailings  "  and  deposited 
auriferous  pyi-ites  are  roasted  in  order  to  remove  the  sulphur 
and  arsenic,  then  moistened  with  water,  and  placed  in  tu)«  fur- 
nished with  false  bottoms,  beneath  which  chlorine  is  introduced. 
After  all  the  air  lias  been  replaced  by  chlorine,  and  the  whole 
mass  has  become  impregnated  with  this  gas,  the  tubs  are 
allowed  to  stand  for  about  twelve  hours.  After  the  lapse  of 
ihis  time  the  soluble  gold  chloride  is  washed  out  with  water, 
the  metal  precipitated  from  solution  by  the  addition  of  green 
vitriol,  and  the  powdered  gold  dried  and  fused  with  borax. 

Hirol's  J'rorcss.     The    extraction  of    gold    from    auriferous 


^^  Jill 
Sonera 


ical  pyrites  by  means  of  mercury  ia  a  somewhat  difficult 
operation,  as  the  amalgamation  of  the  gold  does  not  take  place 
satisfactorily.  Indeed,  in  Australia  the  problem  of  extracting 
gold  from  this  source  has  not  yet  been  satisfactorily  solved, 
and  a  large  proportion  of  the  gold  occurring  under  these  circum- 
stances ia  now  lost.'  In  California  a  process  known  as  Ilivot's 
has  been  employed  with  good  results,  one  peculiarity  of  which 
consists  in  roasting  the  ore  with  superheated  steam  previous  to 
amalgamation. 

585  Parting  hy  Suljihuric  Acid.  It  has  already  been  stated  that 
native  gold  always  contains  more  or  less  silver,  and  in  the  same 
way  silver  is  frequently  auriferous.  Nitric  acid  was  formerly 
used  for  the  purpose  of  separating  these  two  metals,  being  first 
employed,  it  would  appear,  at  Venice  in  the  fifteenth  century, 
for  extracting   tiie  gold    from   Spanish   silver.     This   method 

'  Dixon,  "On  a  Method  of  Extracting  Gold,  Silrcr,  and  otiirr  Metala  from 
itei,"  Proc.  Itoy.  Sac.  J^.S.  W.  1877.  83. 

100 


S70 


METALS  OF  THE  GOLD  GROUP. 


remained  in  general  nse  up  to  the  beginning  of  this  century, 
notwithstanding  Scheele's  discoveiy  in  1753  that  sulphohc 
acid  could  be  employed  for  this  purpose.  In  a  memoir  on  the 
subject,  read  before  the  Stockholm  Academy,  he  says  :  "  Sul- 
phuric acid  also  dissolves  silver  when  no  water  is  amongst  it, 
but  gold  is  not  in  the  least  degree  altered,  so  that  silver  and 
gold  can  l*  thus  completely  separated  from  one  another;  but 
such  au  oil  of  vitriol  is  much  dearer  than  nitric  acid,  and  for 
this  reason  it  is  not  advisable  to  use  it  for  this  purpose,  as  there 
are  other  acids  which  cost  less."  Hence  it  was  only  when 
sulphuric  acid  became  cheaper  that  the  process  of  separation 
by  its  means  could  be  carried  out,  and  this  was  done  by  Darcet 
in  1802. 

In  order  to  separate  the  two  metals  by  this  method  the  alloy 
must  not  contain  more  than  25  per  cent,  of  gold.  If  it  be 
richer  than  this,  it  must  be  first  melted  with  the  necessary 
quantity  of  silver.  The  granulated  alloy  is  heated  in  cast- 
iron  boilers,  together  with  two  and  a  half  times  its  weight  of 
concentrated  sulphuric  acid  of  specific  gravity  1-84.  Each 
vessel  is  covered  with  a  dome  of  lead,  and  the  sulphur  dioxide 
wliich  is  evolved  during  the  solution  of  the  silver  is  either 
allowed  to  escape  into  the  air  or  led  into  sulphuric  acid  cham- 
bers. As  soon  as  no  further  evolution  of  this  gas  lakes  place, 
sulphuric  acid,  of  specific  gravity  1"69,  is  added  for  the  purpose 
of  dissolving  the  copper  vitriol  Tlie  clear  liquid  is  then  allowed 
to  flow  into  leaden  pans  containing  the  mother-liquors  of  copper 
vitriol  formed  in  the  next  operation,  and  the  whole  is  heated  by 
steam  in  order  to  keep  the  slightly  soluble  silver  sulphate  in 
solution.  Here  a  further  quantity  of  gold  is  deposited,  the 
clear  liquid  is  again  drawn  oft',  and  the  silver  precipitated  by 
means  of  metallic  copper.  The  finely-tlivided  gold  is  again 
treated  with  sulphuric  acid  in  a  platinum  vessel  in  order  to 
render  it  completely  free  from  silver,  and  after  having  been 
well  boiled,  it  is  washed  and  fused  in  a  black-lead  crucible  with 
bicarbonate  of  soda. 

An  improvement  in  this  process,  recommended  by  ESssler,^ 
consists  in  allowing  the  sulphuric  acid  solution  of  silver  to 
ciystallize,  with  addition  of  a  small  quantity  of  water.  Th« 
yellow  crystals  of  silver  siilphate  are  then  mixed  with  water, 
and  metallic  iron  gradually  added,  so  that  all  the  silver  is  pre- 
cipitated, but  the  whole  of  the  copper  remains  in  solution.    The 

'  Lieb,  Ann,  clxxx.  240. 
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impurities  introduced  by  the  iron  are  removed  in  the  slag  on 
fusion,  and  the  silver  is  purer  than  when  the  copper  is  thrown 
down  with  it 

586  Rfjining  of  Gold.  The  gold  employed  for  coinage,  when  it 
does  not  contain  more  than  10  per  cent,  of  silver,  is  now  usually 
purified  by  Mr.  F.  B.  Miller's  process  with  chlorine  ^as,  first 
introduced  by  him  in  the  Sydney  Mint  and  now  adopted  in  tlie 
Royal  Mint  by  Mr.  Chandler  Eoberts.  This  process  consists  in 
melting  the  gold  in  a  clay  crucible  which  has  been  glazed  inside 
with  borax,  and  passing  chlorine  gas  through  the  molten  metal 
by  means  of  a  clay  pipe.  The  chlorine  at  once  combines  with 
tlie  silver  to  form  silver  cliloride,  which  rises  to  the  surface  of 
the  molten  metal,  whilst  the  chlorides  of  zinc,  bismuth,  anti- 
mony, and  arsenic,  should  these  metals  be  present,  are  volatilised- 
and  the  pure  gold  remains  beneath.  A  layer  of  melted  borax  is 
placed  on  the  top  of  the  fused  mass  in  order  to  prevent  the 
silver  chloride  which  is  formed  from  being  volatilised.  The 
fineness  of  the  gold  tlms  prepared  varies  from  091  to  907  in 
1,000  parts,  whilst  the  metal  obtained  by  other  refining  processes 
frequently  contains  a  larger  quantity  of  silver,  unless  indeed  it 
has  been  worked  up  by  the  method  already  described  as  Eossler's, 
rhen  it  appears  to  be  chemically  pure. 

In  order  to  prepare  gold  absolutely  free  from  silver,  the  metal 
IS  dissolved  in  aqua-regia,  the  solution  concentrated  in  order  to 
drive  otf  the  nitric  acid,  and  diluted  with  water,  the  solution 
filtered,  and  the  metallic  gold  precipitated  by  a  reducing  agent 

I  or  this  purpose  ferrous  sulphate  is  usually  employed,  the  foUow- 
ig  reaction  taking  place : 


2AuClj+  6FeS0,  -  2Au  +  Fe,Cl,  +  2Fe/SO,)3. 


When  the  gold  solution  is  poured  into  that  of  the  iron-vitriol 
le  gold  is  obtained  in  a  very  finely-di'vided  state.  If  the  solutions 
mixed  in  tlie  reverse  order,  the  precipitated  gold  is  scaly 
and  more  lustrous.  Gold  may  also  be  precipitated  by  sulphur 
dioxide,  by  a  hydrochloric  acid  solution  of  ai-senic  trioxide, 
antimony  trioxide,  or  other  reducing  agents,  as  well  as  by  mer- 
curous  nitrat«,  oxalic  acid,  &c.  If  a  small  quantity  of  oxalic 
acid  and  an  excess  of  potassium  carbonate  be  added  to  a  solution 
of  gold,  a  clear  solution  is  obtained  which  is  decomposed  on  the 
addition  of  more  oxalic  acid,  and  this,  when  quickly  heated  to 
boiling,  yields  precipitated  gold  in  the  form  of  a   fine  yellow 
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spongy  mass.     In  order  to  obtain  the  gold  in  the  colierent  state, 
it  is  fused  with  the  addition  of  borax  and  nitre. 

587  Projhvlies.  Gold  is  distinguished  from  all  the  other  metal- 
lic elements  by  its  bright  yellow  colour.  It  crj'stallize.s  in  ibe 
regular  system,  and  in  the  native  state  is  often  found  in  distinct 
though  small  crystals.  Some  Australian  gold  wortli  about 
£1,100  consisted  of  grains  from  the  size  of  a  large  pea  to  that 
of  small  grains  of  sand,  all  of  which  were  more  or  less  perfect 
dodecahedrons.^  Native  gold  has  also  been  found  crystalhzed 
in  a  very  great  variety  of  otlier  forms  of  the  regular  system.* 
These  small  crystals  are  frequently  connected  together,  so  as  to 
form  hair-like  filaments,  termed  moss-ffold.  Liversidge  *  has  ob- 
tained this  form  of  gold  artificially.  He  noticed  the  occurrence 
of  crystallized  gold  in  certain  specimens  of  Australian  auriferoos 
pyrites,  and  he  therefore  roasted  this  mineral  in  a  mTidle,  for  the 
purpose  of  removing  arsenic  and  sulphiir,  but  at  a  temperature 
in.oufficient  to  bring  about  the  fusion  either  of  the  mineral  or  of 
the  gold.  Ou  removing  the  sample  from  the  raullie,  small  cauli- 
flower-like excrescences  of  metallic  gold  were  observed  on  tlie 
surface  of  the  mass,  these  excrescences  being  composed  of  finy 
filaments  of  the  metal  often  wound  round  in  spiral  coils. 

Gold  precipitated  from  a  concentrated  solution  by  ferrous  sul- 
phate forms  very  small  cubes,  and  that  obtained  by  rt-duction 
with  oxahc  acid  consists  of  minute  octohedrons,  which  are 
usually  much  distorted.  When  au  amalgam  containing  5  per 
cent,  of  gold  is  lieated  for  eight  days  to  80°,  and  then  treated 
with  hot  nitric  acid,  an  aggregate  of  crystals,  some  of  wliich  are 
6  mm.  in  length,  may  be  obtained.  These,  after  heating  to  get 
rid  of  the  mercury,  have  a  bright  lustrous  ajjpearance. 

Gold  is  softer  than  silver,  and  is  the  most  ductile  of  metals. 
This  was  known  to  Pliny,  who  says:  "Superque  omnia  netur, 
ac  texitiir  lan:e  modo."  * 

Although  the  relation  which  the  Eoman  weights  and  measures 
bear  to  those  in  use  in  the  present  day  is  still  somewhat  un- 
certain, the  following  statement  may  be  of  interest  as  showing 
the  progress  of  the  art  of  gold-beating.  In  the  first  place  we 
read  in  Pliny,  "  nee  aliud  laxius  dilatatur,  aut  numerosius 
dividitur,  ut  pote  cujus  uncia?  in  septingenas  et  quinqnagenas, 
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'  Pant,  Sjistem  of  Mineralogy,  5  Bl.  p.  8. 

*  O.  von  lUth,  Zeilsch.  Krytlall.  Mifwmlog,  i,  1, 

*  Fro/'.  Mo</.  Sor.  X.S.  Wales,  1876,  125. 

*  y.a.  xxxiiL  19. 
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pluresque  bratteas,  quaternum  utroque  digitoram  spargantur."  ^ 
Then  in  l("'i21  Merscnne  iiieiitions  that  the  Paris  gold-beaters 
were  in  the  habit  of  obtaining  1,600  leaves  from  one  onnce 
of  gold,  which  would  cover  105  square  feet,  In  1680  Halley 
states  that  in  his  time  a  grain  of  gold  could  be  drawn  into  a 
wire  98  ells  in  length,  wiiilst  lleaumur  mentions  in  1711  that 
one  ounce  of  gold  can  be  lianiiuered  out  so  as  to  cover  14t)j 
square  feet,  and  according  to  newer  statements  one  grain  may 
be  made  to  cover  5675  square  inches,  or  one  ounce  to  cover 
189  square  feet,  whilst  280,000  leaves  have  to  be  placed  one 
upon  another  to  occupy  the  thickness  of  one  inch.  One  grain 
of  gold  also  serves  to  gild  two  miles  of  iine  silver  wire,  whilst 
the  thickness  of  such  deposits  of  gold  aa,  for  example,  that 
on  gold  lace  is  about  0-000002  mm.  Gold  is  extremely  ductile, 
and  gold  wire  can  be  drawn  so  fine  that  3,240  meters  weigh 
only  one  gram.  Gold-leaf  has  usually  a  thickness  of  about 
OOOOl  mm.,  and  allows  green  light  to  pnss  through.  Metallic 
gold  can  be  precipitated  in  a  dilute  liquid  in  so  fine  a  state 
of  division  that  it  remains  suspended,  and  under  these  circum- 
stances it  appears  by  reflected  light,  of  a  purple-red,  whilst  by 

nsmitted  light  it  a.ssunies  a  blue  colour. 

The  relations  of  finely-di\'ided  gold  to  light  have  been  carefully 
examined  by  Faraday.*  By  spreading  a  leaf  of  gold  on  a  glass- 
plate  and  then  pouring  on  to  it  a  solution  of  potassium  cyanide, 
'araday  succeeded  in  obtaining  films  of  gold  of  extreme  tenuity. 

le  green  colour  which  ordinary  gold-leaf  exhibits  by  trans- 
mitted light  passes  into  a  ruby-red  when  tlie  liighly  attenuated 
film  is  heated  to  SIC".  The  red  colour  of  ruby  glass  is  due  to 
the  presence  of  metallic  gold  in  an  extreme  state  of  division, 
Tliis  is  also  the  case  with  the  abnvc-mentioned  film,  the 
original  green  tint  of  which  can  be  brought  back  by  burnishing 
its  surface. 

At  13°  gold  lias  a  specific  gravity  of  19-265  (Matthiessen) ; 
it  fuses  according  to  Pouillet  at  1381°,  and  according  to  Bec- 
querel*  at  1037°,  expanding  considerably  in  the  act  of  fusion, 
and  forming  a  bluish-green  liquid.  It  volatilizes  at  a  very  high 
temperature,  as  when  auriferous  platinum  is  fused  in  the  oxy- 
lydrogen  blowpipe,  or  when  a  powerful  electric  discharge  is 
through  a  thin  gold  wire. 


'  ff.lT.  xxxiii.  19.    An  oiinre  of  pnM  can  be  hammered  into  730  leaves,  each 
of  which  IS  4  digits  (about  3  iiielies)  square. 
*  Pliir.  Trans.  1857,  1>.  145.  »  Cotnpt,  Send.  Irii.  855. 
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Gold  is  not  attacked  at  any  temperature  either  by  oxygen  or 
by  water,  and  it  also  remains  unacted  upon  when  fused  witli 
chlorate  of  potash.  Alkalis  and  the  nitrates,  however,  attack  it 
Gold  does  not  dissolve  in  any  simple  acid,  with  the  exception 
of  selenic  (Mitscherlich),  but  it  dissolves  readily  in  aqua-regia, 
or  in  any  other  acid  liquid  in  wliich  chlorine  is  evolved. 

588  Purple  of  Cassius.  This  body,  of  wliich  mention  has  al- 
ready been  made  as  being  used  in  the  preparation  of  ruby  glass, 
was  discovered  by  Andreas  Cassius.  who,  however,  did  not  publish 
anytliiag  on  the  subject,  though  his  sou  of  the  same  name  pub- 
lished a  pamphlet  in  1G85  enii^eA,  De  cxtnmo  illo  ct  perfeciiasino 
ruUura:  opijicio  ac  principc  terrenorvm  sidere,  Auro,  et  admiranda 
ejus  natura — cogiiata,  e-rpcnmentis  illuRtrata.  In  the  previous  year 
however,  a  Hessian  mining  official,  Orschal,  published  a  paper, 
Sol  Sine  Vesta :  or,  Thirty  Rrpcrimcnfs  to  Draw  out  its  Purplt 
from  Gold.  He  describes  that  he  had  learned  the  process  from 
Cassius,  and  that  it  consisted  in  precipitating  gold  with  tin. 
After  that  time  many  investigations  were  made  on  this  pigment 
without  any  satisfactoiy  explanation  of  its  chemical  nature 
being  arrived  at.  A  variety  of  receipts  were  given  for  its  pre- 
paration, in  all  of  which  gold  chloride  was  precipitated  by  a 
mi-xture  of  stannous  and  stannic  chlorides.  This  precipitate  is, 
according  to  the  mode  of  preparation,  either  of  a  dark  purple-red, 
or  of  a  reddish-brown  colour,  both  yielding  a  brown  powder  on 
drj'ing.  The  process  by  wliich  the  linest  purple  is  obtained  is, 
according  to  Fuchs,  to  add  stannous  cldoride  to  a  solution  of 
ferric  chloride  until  the  yellow  colour  is  changed  to  a  pale  green, 
and  then  to  precipitate  the  gold  solution  with  this  mixture.  The 
precipitate  contains  tin  oxide  in  varying  quantities,  and  some 
chemists  have  supposed  that  the  compound  is  a  gold  stannate, 
but  this  view  is  contradicted  by  the  fact  that  when  purple  of 
Cassius  is  dried  and  then  triturated,  the  powder  assumes  a 
metallic  lustre,  and  on  heating  does  not  evolve  oxygen.  For 
this  reason  otliers  have  regarded  the  substance  as  a  mixture 
of  tin  oxide  and  very  finely-divided  gold.  The  fact,  however,'fl 
that  the  freshly  precipitated  and  moist  pigment  is  soluble  in 
ammonia  tells  against  this  latter  supposition,  as  does  the  action 
of  light  on  the  liquid,  for  gold  is  then  precipitated,  whilst 
ammonium  stannate  remains  in  solution.  The  literature  respect 
ing  the  purple  of  Cassius  has  been  collected  by  J.  C.  Fischer. 

589  Gilding.    Tlie  art  of  gilding  is  mentioned  by  Moses,  and 

'  Dingl.  Polyt.  Joum.  clxxxii.  39. 
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Pliny  states  that  objects  of  wood  and  niaiblp  are  gilt  by  means 
of  gold-leaf,  whilst  metallic  surfaces,  are  gilt  by  help  of  quick- 
silver. Gold-leaf  is  obtained  from  gold-foil  by  hammering 
pieces,  each  having  an  area  of  a  square  inch  and  weighing 
six  grains,  first  between  sheets  of  vellum  or  tough  paper,  and 

(afterwards  between  leaves  of  gold-beater's  skin — a  material 
prepared  from  the  cascum  of  the  ox.  The  small  cuttings  and 
vaste  leaf  are  employed  for  the  preparation  of  the  shell  gold 
used  by  painters. 

A  variety  of  methods  are  employed  for  gilding  metals.  In 
gilding  by  immersion  the  well-cleaned  objects  are  dipped  into 
a  boiling  solution  of  gold  chloride  and  bicarbonate  of  potash ; 
whilst  in  wash-gilding  a  gold  amalgam  is  rubbed  on  the  surface, 
the  mercury  afterwards  driven  of!'  by  heating,  and  the  surface 
either  burnished,  or  deadened  by  heating  it  with  a  fused  mixture 
of  common  salt,  saltpetre,  and  lime,  when  a  small  quantity 
of  chlorine  is  liberated  which  etches  the  gold.  These  older 
methods  have  now,  however,  been  almost  completely  supplanted 
by  the  elcdro-dcposition  of  gold.     For  this  purpose  a  solution  of 

^■gold  chloride  and  potassium  cyanide  is  employed,  a  gold  plate 
Tjeing  used  as  the  positive  electrode.  The  colour  of  the  deposited 
gold  can  be  modified  by  adding  to  the  gold  solution  salts  of 

^kilver  or  copper,  as  well  as  both  of  these,  when  alloys  are 
deposited. 

590  Alloys  of  Gold.  Pure  gold  is  very  soft,  and  is  soon  worn 
away  by  use.  Hence,  for  the  purpose  of  coinage,  and  for  the  use 
of  the  goldsmith,  it  is  alloyed  with  copper  or  silver,  or  with  both 
together,  the  resulting  alloys  being  much  harder  than  pure  gold. 
Copper  imparts  to  the  gold  a  red  colour,  and  lowers  its  fusing- 
pnint.  This  alloy  was  formerly  called  red-carat  gold,  because 
the  fineness  of  a  gold  alloy  used  to  be  universally  expressed  in 
carats,  24-carat  gold  being  pure  gold.  In  England  at  the 
present  time  five  legal  standards  exist  for  gold-ware ;  22-carat, 
or  standartl  gold,  18,  13,  12,  and  9-carat  gold,  the  meaning  of 
tliis  Iwing  that  24  parts  by  weight  of  the  alloy  contain  22,  18, 

■  15,  12,  and  9  parts  of  gold  respectively. 
In  the  case  of  the  coinage,  however,  the  fineness  of  gold  is 
generally  expressed  in  parts  per  1,000.      Thus,   for  instance, 
English  standard  gold,  being  a  22-carat  gold,  has  a  fineness 
[of    916*GG.     In   the   German,   American,   and  Italian  coinage 
standard  gold  is  of  21G  carats,  or  has  a  fineness  of  900.     Red- 
,  carat  ornaments  are  frequently  covered  with  a  thin  coating  of 


pure  gold  by  heating  them  and  dipping  them  for  a  short  time 
in  dilute  nitric  acid. 

The  alloys  of  gold  and  silver  are  called  white  alloys,  and 
have  a  greeuish-yeUow  colour  if  they  do  not  contain  too  small 
a  quantity  of  silver,  whilst  when  the  latter  metal  is  present  in 
larger  amount  the  alloy  assumes  a  yellowish-white  shade.  A 
gold-silver  alloy  occurs  naturally  as  electruni,  often  found  in 
crystals  belonging  to  the  regidar  system. 

Trinket  gold  contains  botli  copper  and  silver.  It  is  harvl, 
and,  according  to  the  proportion  of  its  materials,  posseasea 
either  a  yellowish-red  or  a  whitish  colour. 

Go/il-Amalyam.  Gold  readily  combines  with  mercury.  An 
amalgam  containing  2  atoms  of  gold  to  from  3  to  16  atoms 
of  mercury,'  crystallizes  in  four-sided  prisms.  An  amalgam 
which  occurs  in  California  has  the  composition  Au.jHg,,  and 
another,  (AuAg)2Hgj,  is  found  in  the  form  of  white  grains, 
together  with  platinum,  in  Columbia. 
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591  These  elements  combine  in  two  proportions: 

Gold  Monoxide  or  Aurous  Oxide,  Au^O. 
Gold  Trioxide,  or  Auric  Oxide,     AujO,. 

Gold  MoTiaride,  Au^O,  is  obtained  by  decomposing  the  cor- 
responding chloride,  A^Cl,  with  cold  dilute  caustic  pota.sh 
(Berzelius).  Another  method  of  preparation  is  to  boil  a  solu- 
tion  of  gold  trichloride  with  the  potassium  salt  of  acetic, 
tartaric,  or  other  organic  acid.*  It  is  a  powder  which,  when 
moist,  has  a  violet-black,  and  when  dry  assumes  a  Tiolet-brown 
tint,  and  is  decomposed  at  250°  into  gold  and  oxygen.  It  de- 
composes on  contact  with  hydrochloric  acid,  slowly  in  the  cold 
and  quickly  on  boiling,  into  gold  and  the  trichloride.  Sulphuric 
ncid  aud  nitric  acid  do  not  act  upon  it,  but  it  is  easily  dissolved 
by  aqua-regia,  Although  unacted  upon  by  acids,  it  is  at  once 
decomposed  by  weak  bases. 

Of  its  salts,  the  chloride  and  iodide,  and  a  few  others,  form 
peculiar  double  salts  with  the  salts  of  the  alkali  metals. 

'  Figuicr,  Ann.  Chhn.  Phiit.  [3],  xi.  836. 
'  See  Tol.  it.  i«rt.  i.  p.  lU. 
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592  Gold  Triw'ide,  AujOj.  The  substance,  termed  calx  of  gold 
by  the  early  chemists,  was  nothing  more  tlian  the  tinely-divided 
metaL  Bergmaun  was  tlie  first  to  state  that  the  precipitate 
produced  by  alkalis  in  the  gold  solution  is  ilepldogiaticated 
gold ;  but  the  oxide  was  examined  more  carefully  in  1806  by 
rroust,  and  in  1811  by  Oberkainpf.  Clokl  trioxide  is  a  blackish- 
brown  powder,  obtained  by  heating  the  hydroxide  tu  lUU'.  If 
this  be  more  strongly  heated,  it  gives  off  oxygon,  and  is  con- 
erted  into  a  brown  powder  nf  metallic  gold. 

Gold  I'rihi/droxide,  Au{0]l}y  is  best  obtained  by  heating  a 
solution  of  gold  trichloride  with  an  excess  of  magnesia,  and 
well  washing  the  precipitate  with  nitric  acid  (Pelletier).  The 
gold  solution  may  also  be  treated  with  caustic  potash  until  the 
precipitate  which  is  formed  is  redissolved,  and  then  the  dark- 
brown  solution  boiled  until  it  becomes  of  a  light-yellow  colour, 
a  slight  excess  of  sulphuric  acid  added,  and  tJie  precipitate 
washed.  The  hydroxide  tluis  prepared  always  contains  a  little 
potash,  and  for  this  reason  it  is  dissolved  in  concentrated  nitric 
acid,  again  precipitated  by  water,  and  dried  in  a  v.icuum.  Ac- 
cording to  Thouisen  it  is  best  prepared  by  warming  a  dilute 
solution  of  gold  trichloride  with  caustic  potash,  and  precipi- 
tating the  brown  solution  by  Glauber-salt,  when  it  is  obtained 
iu  a  form  resembling  precipitated  ferric  hydroxide.  In  the 
moist  state  it  varies  in  its  appearance  according  to  the  mode 
of  preparation,  being  a  yellow,  olive-green,  or  brown  powder, 
which  on  drying  becomes  brownish-black,  and  decomposes  on 
exposure  to  light  with  evolution  of  o.'cygen.  "When  warmed 
with  alcoholic  potasii  the  metal  is  reduced  in  the  form  of  fine 
glistening  scales,  which  are  employed  in  miniature  painting. 
It  is  a  weak  base,  which  dissolves  slightly  in  concentrated 
sulphuric  acid,  and  more  readily  in  nitric  acid,  from  which 
solutions  it  is  again  precipitated  on  the  addition  of  water.  It 
fonns  the  corresponding  haloid  salts  with  hydrochloric  and 
hydrobromic  acids.  Gold  trioxide  is  an  acid-forming  oxide, 
and  its  salts  are  termed  aurates. 

If  gold  be  treated  with  a  quantity  of  aqua-regia  insufficient 
to  dissolve  the  whole,  and  containing  an  excess  of  hydrochloric 
acid,  and  if  a  sufficient  quantity  of  bicarbonate  of  potash  be 
then  added  to  the  acid  liquid  so  as  to  redissolve  the  precipitate 
which  is  first  formed,  an  olive-green  precipitate  is  thrown  down 
on  warming.  Tiiis,  when  dried  in  the  air,  beconies  black,  and 
sses   the  composition   Au.^O^-     If  on  the  other  hand  the 


gold  solution  contain  an  excess  of  nitric  acid,  an  orange-red 
precipitate  having  the  composition  Au^O^  separates  out' 

593  Amnwniacal  Auric  Oxide,  or  Fulminating  Gold, 
Auj03(NHg)^.  The  preparation  of  this  componnd  was  firet 
described  with  great  accuracy  by  Basil  Valentine  in  his  Luxt 
Tfitamcnt.  He  obtained  it  by  dissolving  gold  in  aqiut-rrijia 
mixed  with  salarmoniae,  precipitating  with  sal-tartari  (potashes), 
and  subsequently  washing  with  water.  He  then  says :  "  Dry  the 
gold-calx  in  the  air  where  no  sun  shines,  and  especially  not  over 
the  fire,  for  as  soon  as  tliis  powder  is  exposed  to  a  little  warmth 
it  igiutes  and  does  a  greal  deal  of  damage,  for  it  then  explodea 
with  such  great  power  and  might  that  no  man  can  withstand." 
He  then  describes  its  properties,  and,  amongst  others,  that  it  loses 
its  explosive  power  when  heated  with  sulphur.  The  name  of 
fulminating  gold  (aurum  fulminans)  was  given  to  it  by  Beguio 
in  1608.  It  was,  however,  also  known  under  other  names,  and 
was  used  as  a  mediciua  Angelus  Sala,  writing  in  the  first  half 
of  the  seventeenth  century,  mentions  that  no  fulminating  gold 
can  be  prepared  if  aqua-regia  made  with  hydrochloric  acid 
be  employed  instead  of  that  made  with  sal-ammoniac,  and  Glauber 
Bays  that  the  preparation  obtained  by  means  of  volutilo  alkali 
(carbonate  of  ammonia)  fulminates  much  more  strongly  Ibim 
that  made  witb  oleum  tartan  (carbonate  of  potash).  In  spite 
of  these  observations  but  few  cliemists  believed  that  the  volatile 
alkali  took  part  in  the  composition  of  the  substance,  and  a  great 
number  of  erroneous  observations  have  been  made  on  tlie  subject 
of  the  composition  of  fulminating  gold.*  Even  Black  in  1756 
stated  that  the  explosion  was  due  to  the  sudden  evolution  of  fixed 
air,  although  Kuiiktl,  a  ^'eI•y  accurate  obser\er,  had  already 
pointed  out  the  true  caitse.  Forin  his  Laboratorium  Chymieum, 
which  appeared  in  1716,  fourteen  years  after  his  death,  he 
describes  the  prepnration  of  fulminating  goM,  and  discusses  the 
various  reactions  which  take  place.  He  then  continues :  "  Once 
I  precipitated  tlie  gold  with  oleuvi  tartari,  distilled  the  men- 
struum to  dryness,  and  then  edulcorated  ;  and  I  thus  obtained  a 
fine  gold  cal.x  which  became  brown  but  did  not  fulminate  at  all ; 
when,  however,  the  same  substance  was  imbibed  several  times 
with  etpiritus  vrina:  and  very  gently  dried,  it  exploded  violently." 
He  also  says  that  when  this  substance  is  imbibed  and  afterwanls 
distilled  with  oil  of  vitriol,  an  acid  sal-volatile  sublimes  in  the 


'  Prat.  Compt.  Rfrut.,  Ixxx.  845. 
'  Kopp,  OcaiMcJiU  ikr  CMmie,  iv. 
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neck  of  the  retort  "  Hence,"  he  adds,  "  thou  canst  see  whence 
the  power  in  the  auntm  fiUtninans  comes,  namely  from  the  sal- 

lolatile  ccnicentratum."  This  view  was  confirmed  by  the  experi- 
ments of  Bergmann  and  Scheele,  who  considered  fulminating 
gold  to  be  a  compound  of  ammonia  and  gold  calx.  Hence  the 
Lavoisierians  termed  this  compound  oxijde  d'or  ariimoniacaL 
The  composition  of  this  body  was  subsequently  more  exactly 
investigated  by  Dumas.^ 

r  Fulininating  gold  is  best  obtained  by  the  action  of  ammonia 
«n  gold  hydroxide,  or  by  precipitating  gold  chloride  with 
ammonia  or  its  carbonate.  It  is  a  green  or  brown  powder,  which 
explodes  most  violently  when  in  the  dry  state  either  on  per- 

;ussiou  or  when  heated.  The  violence  of  the  detonation  is 
creased  by  washing  with  hot  water,  and  when  the  compound 
is  prepared  by  precipitation  from  the  chloride  it  is  usual  to  add 
some  alkali  in  order  to  remove  the  whole  of  the  chloride. 
The  explosion  can  be  brought  about  by  rubbing  on  paper,  and 
when  it  is  warmed  for  a  short  time  to  100°  it  becomes  so 
unstable  that  it  can  scarcely  be  touched  without  undergoing 
decomposition.^ 
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594  Aurovs  Chloride,  or  Gold  Mmiochloridc,  AuCl,  is  be.<it 
obtained  by  carefully  heating  the  trichloride  to  185°.  It  is  a 
yellowish  powder,  which  readily  decomposes  into  gold  and  the 
tricliloride. 

Aurffus  Bromide,  AuBr,  is  formed  as  a  greenish-yellow  mica- 
ceous powder  when  brom-auric  acid,  AuBr^H,  i.s  heated  to  115*. 
It  is  insoluble  in  water,  and  hydrobromic  acid  decomposes  it 
into  gold  and  the  compound  from  which  it  has  been  obtained. 

Aurmig  Iodide,  Aul,  is  formed  when  hydriodic  acid  acts  upon 
gold  oxide : 


AujOj  +  6HI  =  2AuI 


-I-  3H,0  -f  21^ 


It  is  also  formed  when  the  trichloride  is  precipitated  by  a 
solution  of  the  iodide.  When  finely-divided  gold  is  boiled 
with  hydriodic  acid  and  a  small  quantity  of  nitric  acid,  and  the 
filtrate   allowed   to   run  into    hydriodic    acid,  a    lemon-yellow 

•  .rfnn.  Chim.  Fkys.  iIit.  187. 

*  J.  Tboniaen,  Joum.  pr.  CUm.  [2],  xiii.  837. 
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coloured  crystalline  powder  of  aurous  iodide  is  formed.  It  is  a 
very  unstable  body,  which  assumes  a  green  colour  when  exposed 
to  the  air  and  deposits  a  bright  sxirface  of  metallic  gold  on  tlii> 
inside  of  the  vessel  iu  which  it  stands.  The  decomposition 
takes  place  more  quickly  on  warming,  and  at  120'  it  decom- 
poses completely.  Aqueous  acid  decomposes  it  ouly  when 
heated. 

595  Sodium  Auro-sulphiie,  SNa^SOj  -f  AujSOj  +  SHjO,  is 
fonned  when  acid  sodium  sulphite  is  added  to  a  boiling  alkaline 
solution  of  sodium  aurate,  or  when  this  solution  is  saturated  with 
sulphur  dioxide  at  50°.  In  order  to  purify  it,  the  sulphurous  and 
feulplmric  acids  are  first  precipitated  by  the  careful  arldition  of 
barium  chloride,  and  then  the  barium  salt  corresponding  to  the 
above  sodium  compound  is  obtained  as  a  purple-red  precipitate, 
which  must  be  quickly  washed  in  absence  of  air.  The  moist 
precipitate  is  then  decomposed  by  the  minimum  quantity  of 
sodium  carbonate,  and  any  barium  salt  which  may  be  present 
precipitated  by  a  small  quantity  of  alcohol,  and  then,  by  further 
addition  of  the  same  precipitant  the  sodium  compound  is  thrown 
down  as  an  orange-red  precipitate.  It  is  very  easily  oxidizable, 
but  in  jireseuce  of  free  sulphur  dioxide  the  solution  may  be  heated 
to  boiling  without  decomposition  occurring.  "When  this  solution 
is  precipitated  by  alcoliol  the  salt  is  obtained  as  a  purple  powder, 
•which  appears  yellow  or  green  by  reflected  light. 

Avimonium  Aur-avimonium  Sulphite,  (NH4)jS0j  + 
3(NH3Au)jS03  -h  3H.^0,  is  obtained  by  dropping  a  neutral 
chloride  of  gold  solution  into  a  warm  solution  of  ammonium 
8ul{ibite  in  concentrated  ammonia.  It  forms  flat  six-sided 
silky  glistening  wiiite  tablets,  and  if  its  solution  be  acidified, 
gold  separates  out.  Tiie  mother-liquor  of  the  salt  contains 
ammonium  auro-sulphitc,  which  can  be  obtained  in  a  similar 
way  to  the  sodium  salt  which  it  resembles. 

Sodium  Auro-thiosulphatf,  3Na,S;,0j  -t-  Au^SjO,  -f  4HjO. 
is  fonned  by  the  gradual  addition  of  a  neutral  2  per  cent  gold 
solution  to  a  solution  containing  three  times  as  much  sodium 
thiosulphate.  It  is  necessary  to  wait  after  each  addition  until 
the  red  liquid  which  is  formed  becomes  colourless.  It  is  then 
precipitated  witli  strong  alcoliol,  and  any  common  salt  and 
sodium  tetrathiouate  which  may  be  present  removed  by  re- 
jjeated  solution  in  water  and  precipitation  with  alcohol  The 
salt  is  formed  according  to  the  equation  : 
SNajSjOj  -f  2 AuClj  =  3Xaj.S^0,  -h  AujSjOj  -f  2NajS40«  -f-  6NaCL 
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It  crj'stallizes  in  colourless  needles,  which  have  a  sweet  taste. 

Its  solution  is  not  reduced  by  ferrous  sulphate  or  oxalic  acid, 

nor  is  it  decomposed  by  hydrochloric  acid,  or  by  dilute  sulphuric 

acid.     When  barium  chloride,  and  afterwards  alcohol,  are  added 

to  its  solution  a  precipitate  of  the  corresponding  barium  salt  is 

obtained,  from  which  a  solution  of  the  acid  airro-tliiosulphate, 

.3H,S„0j  +  AujSjOj,  is  obtained   by  addition  of  the  requisite 

juantity  of  sulphuric  acid.     This   salt  is  not  known  in  the 

'  anhydrous  state,  but  the  solution  can  be  evaporated  in  the  air 

to  a  syrupy  consistencj'. 

The  above  compounds  do  not  exhibit  the  reactions  either  of 
'  ihe  aurous  salts  or  of  the  thicisulphates,  and  hence  it  is  assumed 
_that  they  contain  a  compound  radical,  whose  hydrogen  salt  is 
le  last-named  compound.  They  may,  therefore,  be  written  as 
'follows  : 

HsSjOgAu. 
NajSPsAu  +  SHjO. 

596  Aurotis  Cyanide.,  AuCX.  This  compound  is  obtained  by 
the  addition  of  hydrochloric  acid  to  a  solution  of  the  potassium 
double  salt  and  evaporation  in  a  water-bath,  the  residue  being 
washed  in  the  dark.  It  is  a  fine  yellow  powder,  showing  iri- 
icscent  colours,  which  consists  of  microscopic  hexagonal  tables 
^  insoluble  in  water,  and  in  the  dry  state  unalterable  in  the  air. 
It  is  not  attacked  by  the  single  acids,  but  dissolves  readily  in 
aqua-regia,  as  well  as  in  ammonia,  sulphide  of  ammonium,  and 
sodium  tliiosulphate. 

Potassium  A i(ro-cj/anidc,'K Au(CN)j.  This  compound,  largely 
used  in  electro-gilding,  is  best  obtained  as  follows:  7  parts  of 
gold  are  dissolved  in  aqua-regia.  precipitated  by  ammonia,  the 
fulminating  gold  well  washed  and  brought  into  a  boiling  solu- 
tion of  6  parts  of  pure  potassium  cyanide.  The  solution  is 
then  filtered  and  allowed  to  cool,  when,  if  it  is  not  too  dilute, 
the  salt  separates  out  in  colourless  i-hombic  pyramids  hiiving  a 
pearly  lustre.  These  have  a  saline  and  at  the  same  time  metal- 
lic taste,  and  are  soluble  in  7  parts  of  cold,  and  in  rather  less 
than  half  their  weight  of  boiling-water.  The  mother-liquor  of 
these  salts  contains  as  impurity  potassium  chloride  and  potas- 
sium carbonate,  and  yields  on  evaporation  impure  crystals. 
These  are,  therefore,  decomposed  with  hydrochloric  acid  as 
above  described,  and  the  resulting  auro-cyanide  dissolved  in 
potassium  cyanide. 


Potassium  auro-cyanide  is  also  formed  when  finely-divided 
gold  is  boiled  in  the  presence  of  air  ■with  a  solution  of  potas- 
sium cyanide  ^ : 


2AU  +  4KCN  +  0  +  H,0  =  2AuK(CN),-i-  2K0H. 


Ammonium  Auro-cyanidc,  NH^Au(CN')2,  is  obtained 
mixing  a  solution  of  the  foregoing  salt  with  one  of  ammonium 
sulphate,  and  removing  the  potassium  sulphate  by  precipitation 
with  alcoliol.  The  crystals  have  a  disagreeable  metallic  taste, 
and  are  easily  soluble  in  water,  alcohol,  and  ether. 

Aiirous  Thioci/aitatc  is  only  known  in  combination  with  other 
thiocyanates.  The  potassium  auro-thiocyanute,  AuSCN  +  KSCN, 
is  obtained  with  evolution  of  thiocyanic  acid,  when  a  neutral 
gold  solution  is  poured  into  a  hot  solution  of  potassium  thio- 
cyanate.  It  crystallizes  in  yellow  obtuse  prisms.  When  hydro- 
chloric acid  is  added  to  the  solution  copper-red  needles  separate 
out,  and  silver  nitrate  precipitates  the  double-salt  silver-gold 
thiocyanate,  AuSCN  -f  AgSCX.  Ammonia  also  produces  a 
white  precipitate  of  aur-ammonium  thiocyanate  (AuXHj)SCJf. 
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597  Axiric  CMoridc,  or  Gold  Trichloride,  AuCl^.  Geber  and  all 
the  later  chemists  were  acquainted  with  the  fact  that  goM 
dissolves  in  aqua-regia.  When  this  solution  is  evaporated  to 
dryness  a  portion  of  the  chloride  is  decomposed  with  formation 
of  aurous  chloride  (Berzelius).  In  order  to  prepare  the  pure 
anhydrous  chloride  the  best  process  is  that  proposed  by  Thomsen. 
It  consists  in  acting  upon  gold  powder  with  chlorine  when  the 
dichloride,  AuCi„,  is  formed.  This  is  a  dark-red  crystalline 
powder  which,  when  mixed  with  a  small  quantity  of  water,  is 
converted  into  the  trichloride  and  monocliloride.  When  gently 
heated  the  latter  decomposes  as  before  described,  the  metallic 
gold  is  filtered  off,  the  solution  evaporated  gently,  and  then 
lieated  to  150°,  when  anhydrous  auiic  chloride  remains  as  a 
brown  crystalline  mass.  The  anhydrous  chloride  is  also  formed 
by  heating  gold-leaf  in  chlorine  to  SOO',  and  it  sublimes  in  a 
stream  of  chlorine  in  reddish  crystals.*     When  the  brownish- 

'  Eisner,  Journ.  Praet.  Chen,  xxxvu.  3$3. 
9  Ucbniy,  Conipl.  Htnd.  Uiz.  96&. 
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'red  aqueous  solution  is  evaporated  down  untU  a  crystalline 
film  is  formed  on  the  surface,  large  dark  orange-red  crystals 
are  deposited  of  AuCIj  +  211^0.     These  deliquesce  in  moist  air, 

•whilst  they  effloresce  in  dry  air. 
Chlor-auric  Acid.     When  hydrochloric  acid  is  added  to  a 
neutral  solution  of  auric  chloride  it  becomes  yellow  and  the 
liquid  then  contains  the  above  compound  in  solution.    Tlie 
same  substance  is  obtained  when  gold  is  dissolved  in  aqua-regia 
containing  an  excess   of   hydrochloric  acid.     WTien  either  of 
^the  above  solutions  are  evajiorated  and  allowed  to  stand  over 
B^uicklime,  long  yellow  needles  of  HAuCl^-|-4HjO  are  deposited, 
which  deliquesce  on  exposure.     Tlie  solution  lias  a  bitter  taste, 
is  |)oisonous,  and  colours  the  skin,  nails,  ivory,  &c-.,  of  a  purple- 
red  tint  when  exposed  to  light-     This  fact  was  mentioned  in 
K1G63  by  Boyle  as  being  one  then  not  generally  known. 
H     Gold  chloride  not  only  combines  with  hydrochloric  acid,  but 
Hwith  many  other  soluble  chlorides  to  form  soluble  compounds. 
"Fortliis  reason  the  above  hydrochloric  acid  compound  is  regarded 

•as  a  peculiar  acid,  tenned  Chlor-auric  Acid. 
Fotassium  Chlor-aurate,  KAuCl,.     When  the  strongly  acid 
solution  of  gold  chloride,  to  Mhicli  the  calculated  qu.intity  of 
potassium  chloride  has  been  added,  is  allowed  to  evaporate  at 
a  gentle  heat,  light-yellow  monoclinic  needle-shaped  crj'stals, 

■having  the  composition  2Ki\.uCl^  +  11,0  are  deix)sited.    On  the 
other  hand,  when  the  neutral  or  sliglitly  acid  solution  is  em- 
ployed, large  transparent  rhombic  tables  of  KAuCl,  +  2II„0  are 
formed,  which  easily  elUoresce  on  exposure.    "Wlaen  heated  these 
melt  with  evolution  of  chlorine,  forming  a  dark-brown  li([uid, 
which   on  cooling  turns   yellow,  with   formation  of  the   salt 
KAuClj.    This  is  decomposed  by  water  into  gold,  potassium 
chloride,  and  potassium  chlor-aurate. 
B     Sodium  Chlor-aurate,  NaAuCl^  +  2HjO,  is  obtained  by  dis- 
B  solving  common  salt  in  a  solution  of  gold  chloride  and  con- 
B  centrating  the  solution,  when  it  is  dejwsited  in  yellowish-red 
rhombic  tables  or  prisms,  which  do  not  alter  on  exposure. 

Ammomum  Cldor-aurntc,  NH^AuCl^,  appears  to  have  been 
prepared  by  Basil  Valentine,  who  employed  aqua-regia  con- 
taining sal-ammoniac  for  dissolving  the  gold,  and  on  cooling  the 
solution  oljtained  crystals  which  he  considered  to  be  a  true  gold 
vitriol.  From  the  neutral  solution  large  light-yellow  rhombic 
B  tables  of  the  composition  2NH^AuCl^  +  5HjO  separate.  These 
^  are  tolerably  jjermanent.     From  an  acid  solution,  on  the  other 
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hand,  the  salt  4NH,AuCl^  +  SH^O,  crystallizes  in  monoclinic 
plates.    Both  salts  become  anhydrous  at  100°. 

The  chlorides  of  the  calcium  and  magnesium  groups,  as  well 
as  those  of  manganese,  nickel,  cobalt,  xantho-cobalt,  and  thallium 
also  form  crystalline  chlor-aurates. 

598  Auric Bromuk,ov Gold  Tr ihromide,  AnBr^.  Finely-divided 
gold  dissolves  slowly  in  liydrobromic  acid  (Balard).  In  order 
to  obtain  the  anhydrous  compound,  bromine  is  allowed  to  act 
upon  grild  jiowder,  M-lien  the  black  compound  Au^Br^  is  formed. 
from  which  the  tribromido  is  extracted  by  ether.  When  the 
solution  is  evaporated  at  a  low  temperature,  the  tribromide  re- 
mains behind  as  a  black  crystalline  crust,  which  dissolvj^s  slowly 
in  water.  The  concentrated  solution  is  viscid  and  almost  bWk 
(Thomsen). 

Brom-auric  Acid,  lIAuBr^  +  5HjO,  is  formed  when  bromine 
is  allowed  to  act  upon  gold  powder,  and  as  soon  as  the  reaction 
is  over,  a  quantity  of  hydrobromic  acid,  having  a  specific  gravity 
of  1'38,  equal  to  the  quantity  of  gold  present,  is  added,  and  then 
bromine  again  added  until  the  gold  is  completely  dissolved.  It 
crystallizes  in  dark  cinnnbar-rcd  flat  needles. 

Auric  Iodide,  Aul^.  When  a  neutral  solution  of  gold  cliloride 
is  added  to  one  of  potassium  iodide,  the  liquid  becomes  of  a 
dark-gieen  colour,  and  yields  a  green  precipitate,  which  on  agi- 
tiition  dissolves  again,  inasmuch  aa  potassium  iod-aurate  is 
formed.  If,  however,  more  gold  solution  is  added,  a  permanent 
precipitate  is  formed,  and  this,  after  washing,  may  be  dried, 
but  it  evolves  iodine,  and  is  converted  on  standing  into  aureus 
oxide.'  It  Tortus  dark-coloured  compounds  with  the  soluble 
iodides. 

Potassium  Auric  Sulphite,  SKjSOj  +  Auj(S03)3  -I-  5HjO.  is 
formed  when  potassium  sulphite  solution  is  pfjured  into  a  solu- 
sion  of  potassium  aurate,  the  above  salt  separating  from  the 
brown  liquid  in  beautiful  yellow  needles.  It  is  very  unstable, 
and  easily  decomposes  with  separation  of  gold. 

Auric  Cyanide,  Au(CN)j,  is  not  known  in  the  free  state,  but 
exists  in  combination  with  hydrocyanic  acid  and  other  cyanides.* 

Cyan-auric  Acid,  HAu(CN),-}-6H^0,  is  obtained  from  the 
potassium  salt  bj'  precipitation  with  silver  nitrate.  The  pre- 
cipitate is  washed  with  cold  water  and  decomposed  by  some- 
what less  than  the  requisite  quantity  of  hydrochloric  acid.     Tlie 

■  Johnston,  Phil.  Mag.  [3],  ix.  266. 

*  Uimly,  An*.  Chem.  Pharm.  xlii.  340 ;  and  Gmelio,  Handbook,  viti.  il. 
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filtrate  yields  oa  evaporation  tabular  crystals  wliich  are  easily 
soluble  ia  water,  alcohol,  and  ether. 

Putttssinm  Cyan-anrute,  2KAu(CN)^4-3H20,  is  obtained  by 
ng  hot  concentrated  solutious  of  gold  chloride  and  potassium 
anide.     On  cooling  it  crystallizes  in  large  colourless  tables, 
■which  usually  eflloresce.     It  is  used  for  electro-gilding. 

Ammonium  Cyan-aurnte,  NH^Au(CN)^  +  2H.p,  is  formed 
by  dissolving  the  hydroxide  in  ammonium  cyanide  and  crystal- 
Mazing  by  spontaneous  evaporation.     It  forms  either  four-  or  six- 
^Bided  tables,  which  are  easily  soluble  in  water  and  alcohol,  but 
^Bot  in  ether. 

^^    Auric  Thionjanate  is  not  known  in  the  free  state,  hut  if  a 

solution  of  gold  chloride  be  precipitated  by  potassium  thio- 

eyanate  in  the  cold  an  orange-yellow  precipitate  of  KAu(SCN)^ 

is  throAvn  down,  whinh  crj'stallizes  in  fine  needles  from  warm 

^water  with  partial  decomposition. 

1^    599  Polassiiim  Aitrnte,  KAuO„  -|-  3H2O,  is  obtained  by  evapo- 
rating  a   solution  of  auric   hydroxide  in  caustic  potash  in  a 
^^acuum  in  tlie  form  of  small  yellow  needles,  easily  soluble  in 
^^water  and  having  a  strong  alkaline  reaction.  It  is  very  unstable, 
and  its  solution  is  used  for  gilding  copper  and  other  metals. 
The  oilier  aurates  arc  less  completely  investigated.    The  solu- 
^^on  of  tlie  potassium  salt  yields  precipitates  with  many  metallic 
^Hllta.    Some  of  these,  such  as  that  formed  with  calcium  chloride, 
'     dissolve  in  an  excess  of  the  precipitant.* 


AURATES. 
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GOLD  AND  SULPHUR. 


00  (Hold  IHsulphidc,  Au,S,,  is  obtained  as  a  hydrated  black 
prccii)itate  when  sulphuretted  hydrogen  is  passed  into  a  cold 
solution  of  the  cldoride."  It  dissolves  in  the  sulphides  of  the 
alkali  metals,  and  is  easily  decomposed  into  its  elements,  from 
M'hich  it  appears  that  gold  does  not  combine  directly  with 
sulphur.  If,  however,  gold  be  fused  with  the  polysulphides  of 
the  alkali  metals,  double  sulphides  are  formed,  of  which  that  of 
sodium  is  best  known. 

'  Frtrnj',  Ann.  Chim.  Phy>.  [3],  xxxi.  480. 
•  Levol,  Ann.  Chim.  Phyn.  [31  xxjc  855. 
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Sodium  Auro-suJphide,  NaAuS  + 41150,  is  obtained  by  heat- 
ing gold  vritli  sodium  sulphide  and  sulphur,  and  treating  the 
fused  mass  with  water.  The  solution  must  be  filtered  in  an 
atmosphere  of  nitrogen,  and  evaporated  in  a  vacuum  over  «ul- 
phuric  acii  Colourless  monouliiiic  prisms  are  then  deposited, 
which  soon  become  brown  on  exposure  to  air.  The  same  salt  is 
obtained  by  dissolving  gold  sulphide  in  a  solution  of  sulphide  of 
sodium. 

That  gold  can  be  brought  into  solution  by  fusii^g  it  with  Urer 
of  sulphur  seems  to  have  been  known  to  Glauber,  but  Stahl  in 
his  Observadones  Chymico-physko-MediecR  is  the  first  distinctly 
to  meutiou  this  fact ;  and,  it  may  be  added  that  he  there  ex- 
plains that  Moses  Inirnt  up  the  golden  calf  with  alkali  and 
sulphur,  and  gave  the  solution  of  liver  of  sulphur  coataiuing 
gold  to  the  Israelites  to  driuL 


GOLD  AND  PHOSPHORUS, 

601  \Vlicn  ;iold  is  gi-eatly  heated  in  phosphoms  vaponr  the 
compound  Au^Pj  is  formed  as  a  grey  mass  possessing  a  specific 
gravity  of  6  6,  and  easily  losing  phosphorus  when  more  strongly 
heated.  It  is  not  attacked  by  hydrochloric  acid,  but  is  decom- 
posed by  nitric  acid,  the  phosphorus  being  dissolved  and  the 
gold  left  (Schrotter), 

Gold  combines  with  arsenic,  antimony,  and  bismuth  when 
heated  with  these  elementa.  The  adilition  of  1  part  of  the  latter 
metal  to  1,920  parts  of  gold  is  sufficient  to  render  the  gold  brittle. 


Detection  and  Estimation  of  Gold, 

602  Wiien  a  gold  compound  is  heated  on  a  carbonized  match  in 
the  reduction  flame  a  yellow  malleable  bead  is  obtained  which 
dissolves  in  aqua-rcgia.  If  this  solution  be  dropped  ou  to 
filter  paper  and  one  drop  of  stannous  cldoride  added,  a  purple- 
red  colour  is  observed.  CJold  can  be  readily  detected  in  its 
solutions,  inasmuch  as  it  is  obtained  in  the  metallic  state  by 
reducing  ngents,  the  well- washed  precipitate  being  dissolved  and 
the  solution  tested  with  stannous  chloride.  The  separation  of 
gold  from  the  other  metals  will  be  described  under  the  head  of 
Platinum. 

The  spark-spectrum  of  gold  has  been  mapped  by  KircbhofT, 
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,  Thal^n,   and  Huggina.    The  brightest  lines  are   6,275,  5,961, 
|'6,056,  aud  5.838  in  the  orange  aud  yellow,  and  5,230,  4,792  in 
the  green  and  blue.     Gold  compoiinda  do  not  impart  any  tint 
to  the  non-luminous  giia-tkme, 

603  Assay  of  Gold.    In  quantitative  analysis  gold  is  always 

weighed  in  the  metallic  state.     In  order  to  determine  the  value 

L^of  commercial  gold  for  the  purposes  of  the  goldsmiths  or  for 

^Bthe  coinage,  it  is  cupelled  with  lead  with  addition  of  so  much 

^B  silver  that  the  quant  ity  of  the  latter  is  about  two-and-a-half  times 

^P  that  of  the  gold  present.     A  gold-silver  alloy  is  thus  obtained, 

which  is  rolled  into    foil,  and  then   boiled  with  nitric  acid 

of  specific  gravity  1"08.     The  residual  gold  cornet  having  been 

well  washed  is  placed  in  a  small  crucible,  and  heated  in  a  muffle 

to  a  point  just  below  that  at  which  gold  melts,  in  order  to 

^K  lender  it  coherent,  after  which  it  is  cooled  and  weighed. 

^V      The  assaying  of  gold  is  an  opemtion  of  much  importance,  and 

one  in  which  great  accuracy  is  needed.    The  errors  attacliing  to 

the  process  are  chiefly  (1)  errors  in  weighing,  (2)  loss  of  gold  by 

» absorption  in  the  cupel  and  by  volatilisation,  (3)  slight  solution 
of  the  gold  by  impurity  in  the  acid,  (4)  and  most  important,  the 
presence  of  a  portion  of  the  silver  in  the  gold  cornet 
The  degree  of  accuracy  which  can  be  reached  by  this  process 
depends  not  only  upon  the  skill  of  the  operator,  but  upon  an 
elimination  of  the  above  sources  of  error. .  This  can  be  attained, 
provided  that  the  process  is  conducted  with  perfect  uniformity 
in  all  cases,  by  assaying  one  sample  of  gold  alloy  of  exactly 
^m  known  composition,  and  correcting  the  assays  made  of  the  other 
^1  samples  in  a  corresponding  ratio.     The  Bank  of  England  carry 
^m  on  their  enormous  transactions  in  bullion  upon  triple  assays  of 
^^  each  ingot  made  by  some  scientific  assayer  of  high  standing,  as 
^  single  assays  are  liable  to  accidents  or  mistakes ;  and  in  every 
^■luiut  two  or  more  assayers  are  employed  to  check  each  otlier's 
^■results.     Such  check  assays  ought  not  to  diff'cr  among  them- 
^P«elves  more  than  ten  or  twenty  parts  out  of  10,000  of  gold.^ 

The  alamij:  ivcight  of  gold  was  first  determined  by  Berzelius ' 
^B  by  ascertaining  the  quantity  of  mercury  necessary  in  order  to 
^P^recipitate  gold  from  its  chloride,  and  the  mean  of  two  experi- 
ments gave  him   the  number  19669.    At  a  later  period  he 
determined  the  relation  between  gold  and  potassium  chloride  in 
potassium   chloro-aurate,  KAUCI4,  and   obtained   the   number 

1  W.  8.  JcTons,  article  "  Gold- Assay."  Watta's  Dictionary, 
'  Sdneeigg.  Joum.  Tii.  44, 
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196'33,'  whilst  Level  *  got  1957  by  reducing  a  solution  of  the 
pure  auric  chloride  by  sulphur  dioxide  and  detenuiniug  the 
relation  between  the  precipitated  gold  and  the  sulphuric  acid 
which  was  formed  by  the  reduction. 


i 


PLATINUM.     Pt  =  1967. 

604  This  metal  appears  to  have  been  first  observed  in  the  six- 
teenth century,  for  Scaliger,  who  died  in  1558,  in  his  work 
ExcrcUationts  Exotericw  de  SuhtilUate,  combated  the  views  of 
Cardanus  that  all  metals  are  fusible,  for,  he  adds,  in  the  mines 
of  Mexico  and  Harian  a  metallic  substance  is  found  "quod 
nullo  igni,  nullis  Ilispanicis  artibus,  hactenus  liquescere  jiotuit" 
As  platinum  occurs  in  the  above  districts  it  appears  very  pro- 
bable that  this  was  tlie  metal  here  referred  to. 

It  was  not,  however,  until  two  centuries  later  that  platinum 
again  attracted  attention,  and  this  time  many  chemists  occupied 
themselves  diligently  with  the  subject.  The  first  of  these  was 
Don  Antonio  de  UUoa,  who  took  part  in  the  French  Expedition 
of  1735  which  had  for  its  object  the  measurement  of  an  arc  of 
the  meridian  on  the  equator.  In  1748  he  published  his  Rdarion 
Hislorica  del  Viagc  a  la  America  Meridional,  in  which  he  describes 
an  unworkable  metallic  mineral  which  even  makes  gold  ore 
useless  if  it  occurs  mixed  with  it  in  large  quantities.  William 
Watson  *  was  the  firet  to  describe  native  platinum  as  a  compact 
metal.  He  had  obtained  it  nine  years  previously  from  Charles 
Wood,  who  had  brought  some  samples  of  it  from  Carthagena  in 
Granada  to  Jamaica,  and  thence  to  England.  Watson  termed  it 
a  semi-metal.  It  was  afterwards  more  exactly  examined  by 
Scheffer,  who  describes  it  in  the  Memoirs  of  the  Stockholni 
Academy  in  1752  with  the  title  "  On  White-gold  or  the  seventh 
Metal,  termed  in  Spanish  '  platina  del  Pinto,'  "  that  is,  small 
silver  of  Pinto,  platina  being  the  diminutive  of  plnta,  the 
Spanish  for  silver.  The  name  of  del  Pinto  was  added  because 
it  was  first  found  in  the  auriferous  sand  of  that  river.  Schefler 
describes  tlie  insolubility  of  platinum  in  nitric  acid,  and  was 
acquainted  with  the  facts  that  aqua  regia  dissolves  it  and  that 
it  is  precipitated  from  the  solution  by  mercury.  lie  also  states 
that  it  is  infusible  at  the  strongest  heat  of  a  furnace,  but  that  h 

»  Btn.  JaArcth.  xrr,  41.  '  Ann   Chim.  Phtfi.  [3],  xxx.  3fi5. 

*  PhHo$oph\eal  Trantadimit  for  17SU, 
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can  be  alloyed  with  other  metils,  and  that  it  may  be  fused  by  the 
help  of  ai-senic.  Ue  declares  the  new  body  to  be  a  true  metal, 
and,  on  accouut  of  its  unalterability,  believes  it  to  be  a  noble 
one,  and  suggests  that  it  may  be  used  for  the  speculie  of  tele- 
scopes. In  1754  Lewis  *  published  a  series  of  reseai-ches  on 
platinum,  and  in  1757  the  investigations  of  Marggraf  were 
communicated  to  the  Berlin  Academy.  Amongst  the  most  im- 
portant of  his  observations  was  that  which  has  since  proved  of 
such  service  to  analytical  cliemistry,  that  platinum  solution  pro- 
duces with  the  salts  of  the  alkalis  an  orange-yellow  precipitate, 
with  the  exception  of  that  of  the  mineral  alkali  soda,  with  which 
it  produces  none.  Next  came  Macquer  and  Baunie's  researches 
on  platinum,  which  were  published  in  the  Memoirs  of  the  Paris 
Academy  for  1758.  The  most  important  new  fact  observed  by 
these  chemists  was  that  platinum  can  be  fused  in  the  focus  of  a 
powerful  buniing-glass.  Besides  this,  the  paper  in  question 
contains  the  information  that  platinum  had  hitherto  been  so 
rare  a  substance  because  the  Spanish  Government  bad  forbidden 
the  export  of  platinum,  inasmuch  as  gold  could  be  alloyed  with 
a  considerable  quantity  of  the  new  metal  without  its  colour 
being  sensibly  clianged,  thus  giving  rise  to  the  possibility  of 
fraud.  Further  investigations  were  made  by  Cronstedt  in  1764 
and  by  Bergmann  in  1777,  the  latter  chemist  explaining  the 
nature  of  the  changes  which  occur  when  a  platinum  solution 
is  treated  with  the  alkalis.  Count  von  Sicklngen,  at  that 
time  the  representative  of  the  Palatinate  at  the  Court  of  Paris, 
worked  diligently  on  the  subject  of  platinum  and  was  the 
first,  in  1772,  to  prepare  platinum  foil  and  platinum  wire,  and  to 
show  that  this  metal  dissolves  in  nitric  acid  when  alloyed  with 
silver.  His  experiments  were  communicated  to  the  Academy 
in  1778,  and  in  1782  the  same  researches  were  described  in  a 
pamphlet  which  appeared  in  German  with  the  title  Kcperimenfs 
on  Flaiiiutm.  Tlie  whole  of  t!ie  preceding  researches,  as  well 
as  many  of  those  carried  on  at  a  later  time,  were  made  with 
South  American  platinum. 

In  1819  grains  of  a  white  metal  were  discovered  in  the 
auriferous  sands  of  the  Urals,  but  it  was  not  till  1823  that 
platinum  was  detected  in  this  substance.  This  discovery  gave 
ri.se  to  the  Scientific  Expedition  to  the  Urals  undertaken  by 
Humboldt,  G.  liose  and  Ehrenberg,  in  1829. 

Platinum  occurs  only  in  the  native  state,  but  native  platinum 
»  PhU.  Traiu.  1754,  638. 
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is  very  seldom  pure,  the  purest  specimens  having  been  found  in 
Brazil  together  with  grains  of  palladium.  The  usual  platinum 
"  ore,"  as  it  is  termed,  contains  all  the  metals  of  this  group  to- 
gether with  iron,  copper,  titanic  iron  ore,  &c.  It  is  sometimej, 
though  seldom,  found  crystallised  in  cubes  and  octohedrons,  but 
more  usually  occurs  in  rounded  or  flattened  grains  or  sand 
having  a  metallic  lustre,  and  occasionally  in  large  rounde<l 
nuggets,  both  forms  occurring  in  river  sand  or  detritus.  Some 
of  the  more  important  localities  from  which  platinum  is 
obtaiued  are,  Choco  near  Popayan  in  New  Granada,  the  gold- 
washings  of  the  Pinto  in  the  province  of  Antioquia,  and  Minos 
Geraes  in  Brazil.  In  the  Urals  it  is  found  in  alluvial  deposits 
at  Nischnetagilsk  and  Goro-blagodat.  Platinum  likewise  occurs 
in  the  Natoos  Mountains  in  Borneo,  which  annually  furnish 
some  600  to  800  pounds,  and  in  Haiti,  Peru,  California,  India,  and 
Australia.  It  is  also  found  in  small  quantities  in  the  sands  of 
various  rivers,  occurring  in  the  Ehine,  and  in  streams  in  Wick- 
low,  North  CaroHiia,  and  Canada  East.  The  lar^jest  mass  which 
has  yet  been  obtained  is  that  in  the  Demidoff  Cabinet  in  St, 
Petersburg  weighing  7-837  kilos.  In  the  Urals  platinum  is 
found  together  with  clirorae-iron  ore  in  serpentine,  whilst  in 
the  Brazils  it  occurs  with  gold  in  syenite.  Many  common 
minerals  such  as  dolomite,  heavy  spar  and  fahl  ore,  &c.,  contain 
traces  of  platinum,  and  this  explains  the  occurrence  of  the 
metal  in  the  sands  of  so  many  rivers.  It  is  also  found  in  small 
quantities  in  most  of  the  ores  of  lead  and  silver,  and  it  is 
usually  contained  with  palladium  in  small  quantities  in  all  silver. 
60s  The  Mctallurgi/ 0/ Platinum.  The  infusibility  of  platinum, 
as  well  as  its  power  of  withstanding  the  action  of  many  of  the 
most  powerful  reagents,  rendered  it  desirable  that  this  metal 
should  lie  employed  for  the  manufacture  of  vessels  for  chemical 
use.  In  1784  Achard  mentioned  that  the  substance  obtained  by 
fusing  arsenic  and  platinum  together  leaves,  on  ignition,  a  residue 
of  malleable  platinum,  and  in  this  way  he  prepared  what  was 
in  all  probability  the  first  platinum  crucible.  Tliis  method  was 
employed  from  the  year  1787  in  Paris,  where  Jannetty  was  cele- 
brated for  his  jilatinum  work.  Platinum  vessels  were,  however, 
then  and  for  some  time  afterwai-ds  so  expensive  and  difficult 
to  obtain,  that  in  the  year  1801  G.  Bose  and  Karsten,  for  want 
of  a  platinum  crucible,  were  unable  to  examine  the  statement  of 
Guyton  de  Morveau  and  Desormes  that  potash  consists  of  lime 
and  hydrogen,  and  soda  of  magnesia  and  hydrogen. 


THE  METALLURGY  OF  PLATINUM. 


391 


The  following  table  contains  a  series  of  analyses  of  various 
lilatiuum  ores  by  Deville  and  Debray :  * 


Locality  .    .    . 

Choco(S. 
America). 

CAlifomia. 

Anstrulik         UnL 

Platinum     .     . 
Gold  .... 
Iron   .... 
Iridium  .     .     . 
I  th  odium     .     . 
Palladium   .     . 
Copper    .     .     . 
Osniiridium .     . 
Sand  .... 

86-20 
1-00 
7-80 
0-85 
1-40 
0-50 
0-60 
0-95 
0-95 

85-50 
0-80 
t)-7o 
1-05 
1-00 
0-60 
1-40 
MO 
2-95 

61-40 
1-20 
4-55 
1-10 
1-85 
1-80 
1-10 

2liOO 
1-20 

76-40 
0-40 

11-70 
4-30 
0-30 
1-40 
4-10 
0-50 
1-40 

100-25 

101-15 

100-20       100-50 

w 


Tlie  body  termed  osmiridium  is  an  alloy  of  osmium  and 
iridium  which  is  not  attacked  by  aijua-regia,  and  the  sand 
contains  quartz,  chrome-iron  ore,  hyacinth,  spinelle,  and  titanic 
iron. 

In  the  year  1800  Richard  Knight  *  published  a  method  for 
preparing  malleable  platinum.  Tliis  con-sisted  in  dissolving  the 
crude  platinum,  precipitating  the  solution  with  sul-ammoniac, 
stamping  the  dried  precipitate  of  the  double  chloride  of  platinum 
and  ammonium  into  a  conical  mould  made  of  lire-clay,  and  ignit- 
ing the  \vhole.  In  this  way  platinum  is  obtained  as  a  coherent 
metallic  mass,  which  can  then  be  worked  up.  In  1822  a  similar 
method  was  described  by  IJarrual,  but  for  many  years  before  this, 
in  fact  from  1800  to  1809,  a  relative  of  a  present  member  of  the 
•well-known  firm  of  Messrs.  .Johnson,  Matthey,  and  Co.,  was  em- 
ployed in  working  on  platinum,  and  had  discovered  (whether  in 
dependently  of  Knight  is  uncertain)  a  method  for  consolidating 
the  sponge,  which  was  aflerwartls  elaborated  by  AVollaston  and 
described  by  him  in  the  Bakerian  Lecture '  for  1828.  This, 
although  identical  in  the  main  features  with  Knight's  process, 
is  distinguished  from  it  in  several  important  particulars,  and  is 
the  process  by  which  jjlatinum  wivs  manufactured  up  to  the  year 
1859,  when  Deville's  process  came  into  use.*  Wolla-ston  in  the  first 
place  pointed  out  the  necessity  of  heating  the  double  chloride  very 


>  Jn%.  Chim.  Pfty*.  [3],  M.  U9. 
»  Phil.  Traru.  1629,  Ji.  1. 


«  TilUKh't  mi.  mg.  vi.  1. 

«  Ani^  Ckim.  Phm.  [3],  W.  484. 
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gently  at  a  temperature  just  sufficient  to  expel  the  whole  of  the 
sal-ammoniac  and  to  occasion  the  particles  of  platinum  to  cohere 
as  little  as  possible,  for  on  this  depends  the  ultimate  ductility  of 
the  product.  The  metallic  jMwder  thus  obtained  must  be  nibbed 
between  the  hands  of  the  operator  so  fine  as  to  pass  through  a 
fine  lawn  sieve.  After  having;  been  well  levigated,  the  uuilorm 
mud  or  pulp  is  pressed  whilst  cold  into  a  brass  barrel  and  strongly 
compressed  by  a  powerful  lever.  The  cake  of  platinum  can  be 
easily  removed  owing  to  the  conical  form  of  the  barrel,  and  is 
now  80  hard  that  it  can  be  handled  without  danger  of  breaking. 
It  is  then  placed  on  a  cliarcoal  fire,  and  heated  to  retlness  to 
drive  oil'  moisture  and  to  give  it  a  greater  degree  of  cohesion. 
After  tliis  it  is  heated  in  a  wind  furnance  to  the  most  intense 
heat  that  can  be  obtained.  After  ignition  for  al)out  twenty 
minutes,  the  cake  is  removed  from  the  furnace  and  placed  np- 
right  on  an  anvil,  and  struck  when  hot  on  the  top  with  a  heavy 
hammer.  The  ingot  of  platinum  thus  obtained  may  lie  drawn 
into  wire  or  submitted  to  any  of  the  processes  of  which  the 
most  ductile  metals  are  capable. 

The  easy  method  thus  proposed  for  working  up  platinum  has 
had  a  great  influence  on  the  progress  of  chemistrj*.  The  present 
generation  of  chemists  can  scarcely  understand  tlie  difficulties 
which  their  predecessors  had  to  contend  with,  unable,  as  they 
were,  to  use  either  platinum  crucibles,  basins,  retorts,  or  platinum 
foil  or  wire.     In  his  Letters  on  Clicmidry  Liebig  says : 

"  Without  platinum  it  wwuhl  be  impossible,  in  many  cases,  to 
make  the  analysis  of  a  mineral.  The  mineral  must  be  dissolved, 
and  it  must  be  first  rendered  soluble,  or  prepared  for  solution. 
Now,  vessels  of  glass,  of  porcelain,  and  of  all  non-metallic  sub- 
Btances  are  destroyed  by  the  means  we  employ  for  that  purpose. 
Crucibles  of  gold  and  silver  would  melt  at  high  temperatures. 
But  platinum  is  cheaper  than  gold,  harder  and  more  durable 
than  silver,  infusible  at  all  temperatures  of  our  furnaces,  and  is 
left  intact  by  acids  and  alkaline  carbonates.  Platinum  unites 
all  the  valuable  properties  of  gold  and  of  porcelain,  resisting  the 
action  of  heat,  aud  of  almost  all  cliemical  agents.  Without 
platinum  the  composition  of  most  minerals  would  have  yet 
remained  unknown." 

Platinum  apparatus  is  also  employed  on  a  lai^e  scale  and  with 
great  advantage  in  the  chemical  iiulustries ;  thus,  for  example, 
in  the  manufacture  of  sulphuric  acid,  in  the  parting  of  the 
noble  metals,  and  in  the  preparation  of  o.\ygen  on  the  hirjo  scale 
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by  the  process  of  Deville  and  Debray.  The  first  platinum  ap- 
paratus for  concentrating  sulphuric  acid,  weighing  423  ounces, 
■was  made  in  London  in  IHO'.)  by  the  well-known  iirni  of  Messrs. 
Johnson,  Matthey,  and  Co.,  who  since  that  time  have  furnished 
platinum  vessels  for  all  parts  of  the  world. 

In  the  year  1807  the  quantity  of  platinum  ore  wliicli  had  accu- 
mulated in  tlie  St.  Petersburg  iliut  was  considerable,  and  the 
I      experiment  of  coining  with  platinum  was  tried.     The  coinage 
of  platinum  was,  liuwever,  soon  abandoned,  and  the  coins   in 
^circulation  were   withdrawn,  owing   to  tlie  very   considerable 
^Bariations  wliich  the  price  of  the  metal  undergoes  from  year  to 
^Kear,  and   the  inipos.sibility  therefore   of  fixing  a   permanent 
^inonetary  value   upon   the   coin.      The  quantity  of  platinum 
raised  yearly  in  Eussia  amounts  to  about  800  cwt.,  which  is 
nearly  ten  times  the  quantity  obtained  from  Erazil,  Columbia, 
San  Domingo  and  Bonieo.     The  value  of  platinum  coined  in 
Russia  from  1826  to  1844  amounted  to  2,500,000  dollars.    IIow 
variable  the  annual  production  of  j)latinHm  ore  is  will  be  seen 
from  the  following  numbers:  in  1862  the  quantity  raised  was 
142  puds  1  lb.;  in  1863,  30  puds  2  lbs.;  in  1864,  24  puds 
9  lbs. ;  in  186.",  138  puds  ?j2  lbs. ;  in  1807, 107  puds  o8  lbs. ;  in 
1871,  V2o  puds  6  lbs. — 1  pud  being  equul  to  40  lbs.  or  1638 
kilos. 
j  6o6  Tlie  application  of  the  oxyhydrogcn  blowpijie  for  fusing 

N large  masses  of  platinum  proposed  first  by  Hare  '  has  exerted  a 
peat  influence  on  the  progress  of  the  platinum  industry.     Hare 
succeeded  in  fusing  071  grams  of  platinum  as  well  as  large  quan- 
tities of  iridium  and  osmium.     Tliis  nielhod  was  improved  upon 
by  Deville  and  Debray,*  whose  investigations  on  the  platinum 
metals  have  been  of  service  to  the  general  progress  of  chemical 
industry.     The  means  employed  by  these  chemists  for  fusing 
platinum,  and  now  employed  on  the  large  scale  by  most  of  the 
L^Iatinum  manufacturers,  consists  in  the  use  of  two  well -fitting 
^Bumps  of  quicklime.     The  upper  one  has  a  hole  drilled  through 
the  middle  for  the  introduction  of  the  blowpipe,  whilst  a  side 
opening  permits  tlie  escape  of  the  products  of  combustion  and 
I      ser\'es  as  an  outlet  for  the  molten  metal.     Instaid  of  h3drogen 
^homiuon  coal-gas  is  usually  employed.    This  is  allowed  to  enter 
^Bhrough  the  tube  n,  Fig.  IGJ),  whilst  the  oxygen  enters  at  0.  The 
^Pkpper  portion  of  the  blowpipe  consists  of  copper  and  the  lower 
of  platinum.     Lime  is  used  for  the  crucible,  because  it  stands  a 


1  rhil.  Mag.  [3],  xxxi  356. 
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high  temperature  well,  and  at  the  same  time  it  absorbs  the  ekgs 
of  the  oxides  of  iron  and  silicon  and  other  materials  which  are 
formed  during  the  operation.  The  introduction  of  this  process 
induced  chemists  to  seek  for  a  cheap  metliod  of  preparing  oxy- 
gen on  the  large  scale  (VoL  I.  p.  177),  whilst  by  means  of  the 

oxy-hydrogen  blowpipe  Messrs^ 
Johnson,  Matthey,  and  Co. 
have  succeeded  in  effecting  a 
most  important  improvement 
in  the  metallurgy  of  platinum, 
viz.  that  of  soldering  platinimi 
by  itself  (autogenous  solder- 
ing), instead,  as  was  formerly 
the  case,  of  soldering  with  gold. 
Deville  and  Debray  have 
also  endeavoured  to  introduce 
a  direct  process  for  obtaining 
platinum  from  its  ores  in  the 
dry  way,  and  tlius  to  replace 
"WoUaston's  tedious  process  of 
preparation.  For  this  purpose 
they  have  suggested  two  pro- 
cesses.^ According  to  the  first 
of  these  tlie  ore,  after  having  been  mixed  with  lime,  is  simply 
fused.  Ill  this  way  an  alloy  of  platinum  with  iridium  and 
rhodiimi  is  obtained.  This  method  is  especially  applicable  to 
the  fusion  of  old  platinum  veasels,  inasmuch  as  all  tlie  im- 
purities, such  as  sulphur,  phosphorus,  iron,  gold,  lead,  &c., 
which  occur  in  the  scrap-platinum,  are  either  volatilizetl  or 
absorbed  by  the  lime.  The  second  method  depends  on  the 
fact  that  load  can  be  alloyed  with  the  platinum  metals  bnt 
not  with  osniiridium.  The  platinum  ores  always  contain  iron, 
and  hence  galena  is  employed  instead  of  metallic-  lead,  and 
glass  and  borax  are  added  as  fluxes.  This  operation  is  carried 
out  in  an  ordinary  melting  crucible.  The  osniiiidium  Which 
does  not  alloy  with  t!ie  lead  is  allowed  to  deposit  by  its  higher 
specific  gravity,  and  litharge  gradually  added  until  no  further 
evolution  of  sulphur  dioxide  takes  place.  After  cooling,  the 
osmiridium,  which  remains  at  the  bottom,  is  separated  from  the 
upper  mass,  the  lead  alloy  cupelled,  and  the  remaining  platinum, 
containing  a  small  quantity  of  iridium  and  rhodium,  fused  in  a 
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lime  crucible  with  the  oxyhydrogen  blowpipe.  These  processes 
have,  however,  not  met  with  much  success  in  practice,  inasmuch 
as  there  is  no  guarantee  that  the  platinum  thus  prepared  does 
not  contain,  in  addition  to  the  iridium  and  rhodium  which  are 
harmless  constituents,  other  admixtures,  or  that  the  metal  thus 
obtained  is  homogeneoua  Hence  up  to  the  present  time  Wol- 
laston's  process  of  preparation  by  the  wet  way  is  universally 
made  use  of.  The  following  process  for  this  purpose  is  adopted 
ia  the  German  works  of  Heriius  in  Hanau.^  The  raw  ore  is 
treated  in  glass  retorts  under  a  pressure  of  twelve  inches  of  water 
with  a  mixture  of  1  part  of  aqua-regia  and  2  parts  of  water. 
The  solution  is  evaporated  to  dryness,  and  the  dried  mass  heated 
to  125°,  at  which  temperature  the  ]ialladium  and  rhodium  salts 
are  reduced  to  lower  chlorides.  The  clear  aqueous  solution 
acidified  by  hydrochloric  acid  is  precipitated  with  sal-ammo- 
niac, the  pure  double  chloride  of  platinum  and  ammonium  being 
thrown  down,  whilst  the  corresi)onding  iridium  salt  is  obtained 
on  evaporating  the  mother-liquor.  The  solution  remaining  after 
precipitating  the  platinum  salt  is  treated  with  scrap-iron,  when 
the  other  metals  are  thrown  down,  and  the  precipitate,  from 
which  the  excess  of  iron  has  been  dissolved  by  hydrochloric 
acid,  again  treated  with  aqua-regia,  and  from  this  solution  a  new 
portion  of  platinum  and  iridium  thrown  down.  The  mother- 
liquors,  as  well  as  the  residue  left  on  dissolving  the  ore  in  aqua- 
regia,  contain  the  metals  palladium,  rhodium,  ruthenium,  os- 
mium, and  iridium.  The  spongy  platinum  obtained  by  igniting 
the  double  chloride  of  platinum  and  ammonium  is  then  pressetl, 
broken  up  in  pieces,  and  fused  with  an  excess  of  oxygen  in  a 
lime  crucible.  Most  of  the  platinum  which  occurs  in  conmierce 
is  not  pure,  but  contains,  like  Russian  platinum  coin,  2  per  cent, 
of  iridium.  This  alloy  is  especially  veduable  for  the  prepara- 
tion of  chemical  vessels,  inasmuch  as  it  is  less  reatlily  attacked 
by  acids  than  pure  platinum. 

607  Preparation  of  Pure  Platinum.  In  order  to  prepare  pure 
platinum  various  methods  have  been  proposed.  Deville  and 
Debray*  have  prepared  it  on  a  large  scale  by  the  following 
process.     The  metal  which  contains  iridium  and  rhodium  is 

sed  with  from  six  to  ten  times  its  weight  of  lead,  the  mass 

after  cooling  is  treated  with  nitric  acid,  and  the  residue  treated 

dilute    aqua-regia,  when  a  crystalline  alloy  of  iridium, 
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ruthenium,  and  iron  remains  behind,  whilst  lead,  platinum,  and 
some  rhodium  go  into  solution.  Tliis  latter  is  treated  wilh 
sal-ammoniac,  so  that  the  double  chloride  (NiIj)jI'tCl,  is  thrown 
down  in  a  finely-divided  amoriihous  state  and  almost  white,  and 
thus  the  rhodium  is  kept  in  solution.  The  precipitate  is  washed 
with  water  containing  liydrochloric  acid,  ignited,  and  the  resi- 
dual platinum  fused  in  a  lime  crucible.  When  fused  the  supply 
of  gas  is  suddenly  stopped,  so  that  the  metal  solidifies  from 
the  outside  inwards  and  in  this  M'ay  the  formation  of  bubbles 
in  the  metal  is  avoided. 

According  to  G.  Matthey,*  the  preparation  of  pure  platinum 
is  a  matter  of  great  diificulty.  His  pnicess  is,  to  begin  witli, 
similar  to  that  already  descril«d,  but  he  evaporates  do%vn  the 
aqua-regia  solution,  and  then  adds  pure  sulphuric  acid  to  the 
residue  in  order  to  convert  any  lead  wliich  may  remain  in 
solution  into  the  insoluble  sulphate.  The  platinic  cliloride  is 
tlien  dissolved  out  by  water  and  precipitated  by  a  mi.'cture  of 
sal-ammoniac  and  common  salt;  this  latter  being  added  be- 
cause tlie  ammonium  platinum  chloride  is  less  soluble  in  a 
solution  of  common  salt  than  in  water.  The  liquid  is  then 
heated  to  80°  and  allowed  to  stand  for  some  days  in  order  that 
the  precipitate  may  become  denser.  This  is  then  repeatedly 
washed  with  solution  of  sal-ammoniac,  and  at  last  with  distilled 
water  acidified  with  hydrochloric  acid.  The  washed  precipitate 
is  then  dried  and  mixed  with  bisulphate  of  jiotash  to  which  a 
small  quantity  of  bisulphate  of  animonitim  lias  been  added. 
The  mi.xture  is  then  heated  to  dark  redness  in  a  platinum  basia 
On  boiling  the  mass  with  water,  potassium  sulphate  and  potassium 
rhudio-sulphate  dissolve,  leaving  pure  platinum  behind. 

608  Properties.  Pure  platinum  has  a  tin-white  colour,  is  soft 
like  copper,  has  a  specific  gravity  of  21*5,  and  is  the  most 
malleable  of  metals  after  gold  and  silver.  Like  iron,  it  can  be 
readily  welded  at  a  white-heat,  and  an  extremely  fine  wire  can  be 
melted  in  the  flame  of  a  B  unsen  burner,  but  in  large  masses  it 
is  infusible  even  at  the  higliest  temperature  of  a  blast-furnace  ; 
it  can,  however,  be  fused  in  the  oxyhydrogeu  flame.  Deville 
estimates  its  melting-point  at  2,000°.  When  large  masses  of 
tlie  molten  metal  are  quickly  cooled,  they  exliibit  the  pheno- 
menon of  "  spitting,"  so  characteristic  of  silver. 

Tubes  made  from  fused  and  hammered  platinum  allow  hy- 
drogen  to  pass  through  them  at  a  strong  red-heat  in  larger 
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quantity  than  is  the  case  with  caoutchouc  membranes  at  the 
ordinary  temperature.  This  property  depends  upon  the  fact 
that  the  red-liot  metal  has  the  power  of  absorbing  hydrogen 
(Vol.  I.  p.  105),  taking  up  38  volumes  of  the  gas  which  it  gives 
off  on  heating  in  a  vacuum,  the  surface  of  tlie  platinum  becom- 
ing in  this  case  covered  with  bubbles.  The  same  henomenon 
is  noticed  when  platinum  foil  is  employed  as  the  negative  pole 
in  the  electrolysis  of  water,  the  absorbed  hydrogen  being  again 
given  off  when  it  is  converted  iuto  the  positive  pole. 

O.xygen  is  not  absorbed  by  jjlatinum,  but  the  metal  possesses 
the  singular  power  of  condensing  tliis  gas  on  its  surface.  In 
January,  1817,  Sir  Humphrj'  Davy  communicated  the  fatt  to  the 
Eoyal  Society  that  mixtures  of  oxygen  or  air  with  hydrogen, 
carbon  monoxide,  ethylene,  vapour  of  alcohol,  vapour  of  ether,  and 
other  easily  intiammable  gases  or  vapours,  are  capable  of  bring- 
ing about  the  incandescence  of  a  warmed  platinum  wire,'  and 
that  then  these  mixtures  either  combine  slowly  or  in  some  cases 
quickly,  and  even  with  explosion.  This  now  well-known  phe- 
nomenon is  thus  described  by  Davy:  "A  temperature  much 
below  ignition  only  was  necessary  for  producing  the  curious 
phenomenon,  and  the  wu'e  was  repeatedly  taken  out  and  cooled 
in  the  atmosphere  till  it  ceased  to  be  visibly  red,  and  yet  when 
admitted  again  it  instantly  became  red-hot."  In  the  following 
year  Erman  observed  that  it  was  only  necessary  to  warm  the 
platinum  wire  to  50°  to  enable  it  to  bring  about  this  combi- 
nation. 

In  1820  Ed.  Davy  showed  that  the  black  powder  deposited 
when  a  platinum  solution  is  precipitated  by  sulphuretted 
hydrogen,  the  precipitate  dissolved  in  nitric  acid,  and  the  liquid 
thus  obtained  mixed  with  its  own  volume  of  alcohol,  possesses 
the  property,  when  moistened  with  spirits  of  wine,  of  becoming 
ignited  in  the  air.  Two  years  later  Dobereiner  observed  that 
spongy  platinum,  obtaiued  by  tlie  ignition  of  the  double 
chloride  of  platinum  and  ammonium,  exhibits  the  same  phe- 
nomenon when  gently  warmed  with  alcohol.  In  1823  the  same 
chemist  noticed  that  when  hydrogen  is  allowed  to  pa-ss  over 
spongy  platinum  in  presence  of  air,  tlie  hydrogen  gas  is  ignited, 
and  upon  this  was  founded  the  well-known  Dobereiner's  Hydro- 
gen Lamp.^  Faraday  afterwards  showed  that  chemically  clean 
platinum  acts  in  a  similar  way.     The  circumstances  under  which 

'  Phil.  Traiu.  1817,  p.  77. 

»  Schw.  J.  xliL  60.     Tilloch'sI>hil.  ifag.  \xv.  150. 
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platinum  and  certain  other  metals  exhibit  this  action  were  in- 
vestigated by  Thenard  and  Dulong  in  a  research  published  in 
the  same  year. 

lu  oi'dttr  to  exhibit  this  action  Davy's  glow-lamp  is  used 
(Fig.  170).  It  is  fed  with  a  mixture  of  alcohol  and  ether ;  this 
is  ignited  in  order  to  heat  the  spiral  of  platinum  wire  to  redness. 
The  Hame  is  then  blown  out.  and  the  mLxed  vapours  of  alcohol 
and  ether  rising  from  the  moist  wick  are  oxidized,  and  thus  the 
spiral  is  kept  brightly  incandescent.  The  same  phenomenon  con 
be  obsen'ed  if  a  spiral  of  platinum-wire  be  hung  in  a  small  test- 
glass  (I^ig.  171),  on  the 
bottom  of  which  a  little 

X  ether  has  been  poured. 
Another  mode  of  show- 
ing the  same  expieriment 
is  to  heat  a  small  piece 
of  platinum  foil  in  the 
llame  of  a  Bunsen's  lamp, 
and  then  quickly  to  ex- 
tinguish the  flame,  allow- 


Fio.  170.  Fio.  171.  ing    the   gas  to   escape. 

Tlie  foil  soon  begins  to 
glow,  .ind  if  it  be  placed  near  the  burner  it  becomes  hot  enough 
to  re-ignite  the  gas  ;  if  further  removed,  the  foil  continues  to 
glow  but  the  gas  is  not  inflamed. 

609  SpoTujij  Platinum,  first  prepared  by  E.  Davy,  is  very  finely- 
divided  metallic  platinum,  which  possesses  a  very  large  surface 
compared  with  its  mass,  and  is  able  to  condense  large  quantities 
of  oxygen.  This  substance  is  frequently  employed  as  an  oxi- 
dizing agent,  and  may  be  readily  prepared  by  gently  heating 
the  double  chloride  of  platinum  and  ammonium.  It  then  forms 
a  porous  ma-ss,  which,  when  heated  strongly,  becomes  denser, 
and  assumes  a  metallic  lustre  under  the  burnisher. 

Platinum  JUack.  This  form  of  platin»«m  was  also  discovered 
by  E.  Davy,  who,  however,  misled  by  certain  accidental  impuri- 
ties, considered  it  to  be  a  platinous  nitrite.  It  is  to  Liebig '  that 
we  owe  the  discoveiy  of  this  error,  and  also  a  description  of  the 
best  method  for  the  preparation  of  tlie  substance.  This  consists 
in  warming  a  solution  of  platinum  dichloride  in  potash  with 
alcohol.  Thus  obtained  it  is  a  soft  black  dull  powder,  which  soils 
any  surface  on  which  it  is  rubbed.  WTien  thoroughly  freed  from 

'  Pogg.  Ann.  xvii.  102. 
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alcohol  by  boiling  with  water,  aud  dried  in  a  vacuum  over 
sulphuric  acid,  it  absorbs  oxygen  from  the  air  so  rapidly  that  the 
mass  becomes  red-hot.  I'latinum  black  is  also  obtained  by  dis- 
solving alloys  of  platinum  with  other  metals,  such  as  copper  and 
zinc,  in  nitric  acid,  when  the  platinum  remains  in  the  form  of  a 
bliick  powder.  This  latter  preparation,  heated  in  open  vessels  to 
a  temperature  considerably  Ik-Iow  redness,  deflagrates  with  a 
hissing  noise,  sometimes  detonating  like  gunpowder.  Platinum 
black  is  also  obtained  when  platinum  is  precipitated  by  other 
metals  from  a  dilute  solution,  or  when  such  solution  is  treated 
■with  reducing  agents.  Thus,  for  instance,  if  a  solution  of 
platiuic  chloride  be  allowed  to  drop  into  a  boiling  mixture  of 
three  volumes  of  glycerine  and  two  of  caustic  potash  of  specific 
gravity  r08,  the  black  obtained  possesses  extremely  active 
properties.'  According  to  Liebig,  platiniun- black  absorbs  more 
than  800  times  its  volume  of  oxygen.  After  frequent  ignition 
kn  a  mixture  of  combustible  gas  and  air,  the  black  becomes 
^denser,  approaching  spongy  platinum  in  its  properties.  I'lati- 
num-black  is  frequently  used  in  organic  chemistry  as  an 
oxidising  agent,  and  lately  it  has  been  successfully  applied  in 
place  of  oxide  of  copper  in  organic  analysis.* 

Platinum  is  not  oxidised  at  any  temperature  by  oxygen,  water, 
sulphuric  acid,  or  nitric  acid.  It  is  not  attacked  by  sidphur  alone, 
although  action  takes  place  if  alkalis  are  present.  These  latter,  as 
well  as  nitre,  oxidise  the  metal,  and  for  this  reason  fusion  with 
alkalis  or  nitre  ought  not  to  be  performed  in  platinum  vessels. 
Alkaline  cyanides  should  not  be  fused  in  contact  with  platinum, 
as  these  likewise  attack  the  metal.  It  is  also  inadvisable  to  ex- 
pose platinum  vessels  to  direct  contact  with  burning  charcoal,  as 
the  silicon  reduced  from  the  charcoal-ash  unites  with  the  metal, 
making  it  brittle  and  liable  to  crack.  Especially  to  be  avoided 
is  contact  at  a  high  temperature  with  compounds  of  the  easily 
reducible  metals,  as  these  readily  form  fusible  alloys  with  the 
platinum.  Phosphorus  and  arsenic  also  combine  with  platinum 
when  heated  with  it.  When  platinum  vessels  are  heated  over 
a  smoky  flame,  or  in  one  in  which  the  su]iply  of  air  is  insuffi- 
cient to  bring  about  complete  combustion,  the  platinum  becomes 
injured  owing  to  formation  of  a  carbide  of  platinum,  which 
oxidises  in  the  portions  of  the  flame  containing  an  excess  of 
oxygen,  and  thus  blisters  the  metaL 

>  Zdrawkowitch,  Sail.  Soe.  Chin.  [2],  xxr.  198. 
•  Kopfer,  Joum.  Cficm.  Soc  1877.  i.  228. 
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The  best  method  of  cleaning  a  platinum  crucible  is  to  fuse  ia 
it  some  bisulphate  of  potash  (GmeUn),  and  in  onler  to  te^l 
whether  a  new  platinum  crucible  is  of  proper  qunlitj'  it  is  first 
boUed  with  hydrochloric  acid,  and  afterwards  with  pure  nitric 
acid.     If  none  of  the  metal  is  dissolved,  the  platinum  is  good. 


PLATINUM  AND  OXYGEN. 


610  Two  oxides  of  this  metal  are  known; 

riatinum  monoxide,  or  platinous  oxide,  PtO,  giving  rise' 
the  platinous  salts. 

Platinum  dioxide,  or  platinic  oxide,  PtOj,  giving  rise  to  the 
platiiiic  salts. 

Platinwm  Monoxide,  PtO,  is  obtained  as  a  grey  powder  by  the 
careful  ignition  of  the  hydroxide,  or  as  a  violet  powder  by 
igniting  the  compound  of  jilatinic  oxide  and  lime  (see  p.  401). 
and  treating  the  residue  with  nitric  acid.  When  strongly 
heated  it  passes  into  the  metal,  deflagrating  when  heated  with 
charcoal.  It  is  reduced  to  platinum  black  when  heated  with 
aqueous  formic  acid,  CHjO^,  with  violent  evolution  of  carbou 
dioxide. 

Platinous  iTyrfrarit/i-,  Pt(OH),,is  obtaineil  by  decomposing  llie 
dicldoride  with  hot  caustic  potash.  The  whole  of  the  chlorine 
cannot,  however,  be  removed  in  this  way,  and  if  caustic  soda  be 
employed,  a  product  is  obtained  from  which  the  soda  cannot 
be  couqiletely  washed  out  (Liebig).  It  is  prepared  in  the 
pure  state  by  iui.\ing  one  part  of  potassium  platinochloride, 
K.^PtCl4,  with  twelve  parts  of  water,  adding  the  exact  quantity 
of  dilute  caustic  soda  necessary  for  decomposition,  and  heat- 
ing the  mixture  to  boiling  until  the  alkidine  solution  has 
Itecome  neutral  It  dissolves  in  hydrochloric,  hydrobromic,  and 
sulphurous  acids,  but  not  in  other  oxyacids.  Boiling  caustic 
potash  decompose.'}  it  into  metal  and  tlte  dioxide.  It  acts  as  a 
weak  base,  of  which  the  haloid  salts  as  well  as  a  few  double 
salts  of  the  oxyacids  have  been  prepared. 

Platinum  Dioxide,  PtO^,  is  obtained  as  a  black  powder  by 
gently  heating  the  corresponding  hydroxide. 

Platinum-  Tdrahydroxidc  or  Platinic  Hydroxule,  Pt(OH),,  is 
prepared  by  boiling  the  solution  of  platinic  chloride  with 
caustic  potash  when  a  b.isic  double  sjilt  is  precipitated,  and 
this  is  heated  with  acitic  acid   in  order  to  dissolve  out  the 


I 


PLATINOUS  SALTS. 


401 


alkali.  In  this  way  it  is  obtained  as  an  almost  white  pre- 
cipitate, which  on  drj-ing  becomes  yellow,  and  then  possesses 
the  above  composition.  It  dissolves  readily  in  caustic  soda 
and  in  dilute  acids.  At  100°  it  loses  its  water  and  assumes  an 
amber  colour.  Platinic  hydroxide  acts  both  as  a  weak  base  and 
as  an  acid-forming  oxide.  With  bases  it  yields  salts  termed  p/aii- 
ncUts,  of  which,  however,  only  the  sodium  salt  has  been  obtained 
in  the  pure  state.  This  possesses  the  composition  Xa^Ft^O^  -f 
6H,0,  and  is  a  reddish-yellow,  partially  crystallized,  pnwder. 
It  is  obtained  when  a  clear  aqueous  mixture  of  cliloroplatinic 
acid  and  carbonate  of  soda  is  exposed  to  sunshine,  or  when 
the  mixture  is  heated  for  some  time  to  100".  The  aqueous  solu- 
tion of  the  two  salts  may  also  l>e  evaporated  to  dryness,  and 
the  residue  boiled  out  with  water,  when  a  denser  precipitate  of 
the  same  compound  is  obtained,  having  an  ochre-yellow  colour. 
When  an  excess  of  lime-water  is  added  to  a  solution  of  platinic 
chloride,  and  this  exposed  to  sunlight,  a  wliito  or  yellowi.sli 
pulverulent  precipitate  falls  down,  to  which  the  name  of  plati- 
nate  of  lime  has  been  given.i  its  composition  coiTesponding 
approximately  to  the  formula  CaPtgOj  +  CaCl,  +  7HoO.  If  the 
hydroxide  be  boiled  with  a  solution  of  a  pol}Taolybdate,  or  a 
polytungstate,  salts  of  the  following  acids  are  formed : 

riatinmolybdic  acid,  HjiPtMojgOj,. 
I'latiutungsLic  acid,  ngPtWn 


poiyti 


'lO^JB- 


^^3X' 


Tlicse  acids  and  their  salts  have  a  yellow  or  greenish  colour, 
,d  are  ciystalliue.- 


THE  PLATINOUS  SALTS. 

6ii  Platinoiis  Chloride  or  rintinum  Dirhloride,  PtClj,  is  formed 

jWlien  cliloroplatinic  acid,  HjPtCl^,  obtained  by  dissolving  the 

aetal  in  aqua-regia  and  crystallizing,  is  heated   to  300°,  or 

'when  spongy-platinum  is  heated  in  a  current  of  dry  chlorine  to 

between  240"  and  250'.^     It  is  a  greenish-grey  povyder,  having 

a  specific  gravity  of  5"87,  which  is  not  readily  moistened  with 

rater,  and  is  insohible  in  this  liquid. 

PlatinJim  dichlovide  unites  with  phosphorus  trichloride  to  form 


'  Hcrwlicl,  Pha.  Mag.  i.  68. 

'  Gihbs  li<^r.  DeiUicK.  Clum.  Oa.  x.  138*. 

•  Scbutzcuborgcr,  Ann.  Chim,  Phya.  [4J,  xxi.  351. 
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the  compound  PtCljPCl,,  which  is  obtained  by  heatiog  spongy- 
platinum  with  pentacliloride  of  phosphorus  to  250°.  Tlie  pro- 
duct is  easily  soluble  iu  benzol  or  chloroform,  and  crystalliaes 
fi-om  these  liquids  in  fine  brown  needles.  When  dissolved 
in  water  and  the  solution  evaporated  iu  a  vacuum,  orange- 
yellow  deliquescent  prisms  of  chlorplaimojphosphoroux  add, 
PtCljP(OH)s,  are  obtained.  This  has  an  acid  metallic  taste,  and 
yields  a  white  precipitate  witli  silver  nitrate  and  a  yellow  one 
with  acetate  of  lead.  Corresponding  salts  of  the  alkali  metals 
have  not  been  prepared,  as  hydroxides  and  carbonates  decompose 
the  acid. 

The  foregoing  compound  readily  takes  up  another  molecule  of 
phosphorus  trichloride,  forming  PtClj(PClj)j,  wliich  may  likewise 
be  crystallized  from  chloroform  or  benzol  in  large  deliquescent 
prisms,  which  melt  at  160",  and  when  strongly  heated  give  off 
phosphorus  tricliloride.  If  these  are  allowed  to  remain  in 
contact  with  water  at  a  winter  temperature,  or  if  their  solution 
be  evaporated  at  a  low  temperature  in  a  vacuum,  very  delique- 
scent yellow  needles  are  obtained  of  chloroplatinodiphosphorm* 
acid,  PtCl22P(OH),,  and  this  readily  undergoes  decomposition 
at  12°,  with  evolution  of  hydrocliloric  acid,  into  the  compound 
PtC10Pj(0H)5.  This  latter  forms  white  crystals,  is  less  deli- 
quescent than  the  former  compounds,  and  wlien  heated  to  150' 
is  converted  into  a  light-yellow  non-deliquescent  powder,  having 
the  composition  PtClOjPg(OH),.  The  solution  of  this  com- 
pound, like  the  preceding,  is  precipitated  by  nitrate  of  silver.' 

Carbonyl  CMoroplatinUes.  When  platiuous  chloride  is  Iieate<l 
to  a  temperature  of  250°  in  a  current  of  carbon  monoxide  Uie 
following  compounds  are  formed  : 

_,.  PtClyCO, 

rtc]s,.(C0)2. 

PtC]j.(C0)3, 

The  last  named  is  produced  in  largest  quantity  and  is  obtained 
in  the  pure  stat«  by  boiling  the  crude  product  with  carbon  tetra- 
chloride. In  this  way  fine  orange-yellow  needles  melting  at  130° 
are  obtained  and  these  when  heated  to  from  250°  to  200°  in  dry 
carbon  dioxide  yield  the  first  of  the  above  compounds  in  fine 
needles  which  melt  at  194°  and  may  be  sublimed  in  a  current  of 
dry  carbon  dioxide  at  240°  and  at  300'  decompose  into  carbonyl 
chloride,  COCl.,,  and  platinum.  When  this  compound,  or  the 
>  Sohutz<nberger,  Suit.  Sue,  CKim,  [2],  xvU.  483  ;  xviii.  153, 
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crude  product,  is  heated  to  150°  in  carbon  monoxide,  the  second 
compound  sublimes  in  white  needles  which  melt  at  142°.*  All 
these  compounds  are  decomposed  by  water  with  separation  of 
the  metal  and  formation  of  carbon  dioxide  and  hydrochloric  acid. 

6i2  Platinocklorides  or  Chloroplalinites.  The  solution  of  plati- 
nous  chloride  in  hydrochloric  acid  may  be  regarded  as  chloro- 
platinous  acid,  HoPtCI^.  Tlie  potassium  salt  is  the  usual 
starting  point  for  the  preparation  of  this  compound  and  its 
salts.* 

Potassmvi  Platinochloride,  KjPtCl^.  This  salt,  which  was 
first  prepared  by  Magnus,'  is  easily  obtained  by  adding  moist 
cuprous  cldoride  to  a  thick  paste  of  potassium  platinichloride, 


KoPtClg,  and  water,  in  such  quantity  that  a  small  portion  of  the 
platinicliloride  remains  unreduced.  On  cooling  the  filtered  hquid, 
the  greater  portion  of  the  platinous  salt  separates  out,  the 
mother-liquor  yielding  a  second  crop  on  concentration,  whilst 
the  remainder  of  the  salt  is  precipitated  from  the  last  portion 
of  the  liquor  with  alcohol.  Tliese  various  crops  are  then  washed 
with  alcohol  and  the  pure  salt  obtained  by  recrystallization  from 
hot  water.  It  forms  soft  rose-coloured  crystalline  fibres. 
When  the  requisite  quantity  of  chloroplatinic  acid  is  added  to 
the  hot  saturated  solution  of  this  salt  a  precipitate  of  potas- 
sium platinichloride  is  separated  and  an  almost  p\ire  solution  of 
chloroplatinous  acid  is  obtained.  This  same  acid  is  obtained 
by  treating  the  barium  salt  with  dilute  sulphuric  acid.  On 
evaporation  in  a  vacuum  over  sulphuric  acid  or  caustic  potash 
a  solid  compound  separates  out  which  dries  up  with  loss 
of  hydrochloric  acid,  forming  a  brown  amorphous  mass  of 
H2Pt(OH)Cl3  +  HjO.*  By  dissolving  oxides,  hydroxides,  car- 
bonates or  chlorides  in  the  acid  a  series  of  compounds  are 
obtained  which  have  been  fully  described  by  Nilson- 

Ammonium  Platinochloride,  (NH^)„PtCl4.  This  salt  was  first 
described  by  Vauquelin  and  afterwards  by  Peyronne.  It 
crystallizes  from  solution  in  hot  water  in  large  red  four-sided 
prisms  or  in  thin  tablets. 

Most  of  the  other  platinochlorides  crystallize  witli  water 
in  fine  red  or  brown  crystals  which  are  often  deliquescent ;  some 
such  as  the  silver  salt,  AgjPtCl^  and  the  lead  salt,  PbPtCl^, 
are  flesh-coloured  precipitates. 

'  SohUtzcnboTger.  Ann.  Chun.  Phyit.  [4],  xv.  100,  nod  xxL  325. 

*  i.  Thomscii,  Juum.pr.  Chcm.  [2],  xv.  294. 

•  Pogg.  xiv.  241.  *  Nilson,  Journ.  pr.  Chem.  [i],  xr.  260. 
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Platinovi  Bromide,  PtBrj,  is  obtAined  by  heating  bromopla-j 
tinic  acid  to  200°.     It  is  a  brown  mass  wliich  dissolves  with 
brownisli-rcd   colour.     If  Lolling  saturated  solutions  of  potas-^ 
sium  platiaocHoride  and  potassium  bromide  are  mixed  double 
decomposition  occurs  and  the  potassium  cLloride  may  be  separated  | 
from  the  potassium  platinohromidc,  KJ'tBr^  by  cri 
The  Litter  forms  large  nearly  black  pyramids  or  1 . 
needles  (Thomsen). 

riutinous  Iodide,  Ptlj,  is  formed  by  warming   the  chlorll 
with  a  solution  of  potassium  iodide.  It  is  a  black  powder  closdi 
resembling  lamp-black 

Plalinoiis  Sidphite  is  formed  by  dissolving  the  !■    ' 
sulphurous  acid.     On  evaporation  it  reniiiius  as  a  i,  liiss 

the  composition  of  which  is   not  known.    It  forms,  however, 
several  well-ilefined  double  salts. 

rotassium  PlaUiwtmlphUe,  K,Pt(SO,)«  +  2H,0.     A  BoIutJon 
of  potassium  platinochloride  becomes  decolorizod  when  wanned 
with  acid  potassium  sulphite,  tlio  aV>ove  salt  separating  out  from 
the  solution  in  yellowish  or  colourless  nee<nes.     It  is  not  pre- 
cipitated by  potash  or  ammonia,  and  evolves  sulphur  dioxide 
only  when  warmed  with  hydrochloiio  acid.    Sodium  salts  pre- J 
cipitato  from  this  solution  sodium  plaihumdphite,  XajPti.SOj)^  +j 
VHjO,  in  microscopic  needles.     If  this  is  dissolved  in  dilutej 
hydrochloric  acid  sidphur  dioxide  is  evolved  and  a  yellowish 
powder,  having  the  composition  Xa,Pt(S05)j  +  H,0,  deposited. 
This  is  tolerably  soluble  in  water  and  reddens  litmus  faintly. 

Ammonium  Platinosulpldte,  (NTI^gPt(SOj),.    This  is  obtained  ] 
as  a  white  crystalline  precipitate,  when  a  tolerably  concen- 
trated solution  of  ammonium  platinochloride  is  precipitated  with  I 
normal  ammonium  sulpliite.    WHien   alcohol  is   added   to  a' 
solution  of  chloroplatinic  acid  decolorized  by  sulplmr  dio.xidc 
and  neutralized  by  ammonia,  white  crystals  of  the  compound 
(NHj^,Pt(SOg),  -f-  HgO  are  deposited- 
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613  Tliese  are  all  yellow  or  brown  coloured,  possess  an  aoa 
reaction  and  an  astringent  taste. 

Platinic  Chloride  or  Platinum  Tetrachloride,  PtCl^  -^  5H,0, 1 
is  obtained  by  mixing  an  aqueous  solution  of  the   follovi^S 
compound  with  silver  nitrate  in  the  proportion  of  one  molecule  , 
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of  platinic  chloride  to  two  of  silver  nitrate,  wlien  a  precipitate 

I  of  silver  platinic  chloride  ia  fonnecl,  whilst  the  yellowish-red 
■olution  free  from  silver  yields  on  evaporation  over  sulphurio 
Lcid  fine  largo  red  apjiarently  monoclinic  crystals  possessing 
■he  above  composition.  They  are  not  deliquescent  and  their 
Boncentrated  aolution  is  precipitated  with  sal-anmioniac  on 
Btauding.^ 

Chloroplaiinie  Acid,  HjPtCIfl.  This  compound,  which  is 
usually  calk'd  platinum  chloride,  is  obtained  by  dissolving  the 
metal  in  af^ua-regia  and  evaporating  with  hydrochloric  acid 
until  all  nitric  acid  is  removed.  It  crystallizes  in  brownish-red 
veiy  delif^uescent  prisms  having  the  composition  H„PtCl„  +  GH^O. 

Elf  the  solution  be  repeatedly  evaporated  with  aqua-regia 
bitrosoplatinic  chloride,  (NO),PtCl,.  is  formed.  This  crystallizes 
in  small  orange-coloureii  cubes  and  is  very  deliquescent,  dis- 
solving in  water  with  evolution  of  nitric  oxide,  the  nitrogen 
krioxide  which  ia  at  first  evolved  being  decomposed  by  water. 
The  hydrogen  in  chloroplatinic  acid  can  be  readily  replaced 
by  metals  and  thus  a  series  of  crystalline  salts  termed  the  chloro- 
yla/inata  or  the  platinichloridca  are  obtained,  of  which  the 
most  important  are  those  of  tlie  alkali   metals,  their  widely 

) differing  solubilities  rendeiing  them  very  valuable  iu  analytical 
hhemibtry. 
\  Potftsumm,  FlatinuJiloride  or  Pula&iium  Chlorqplatinuie, 
^PtCl^  is  thrown  down,  on  the  addition  of  pnt.^sh  or  one  of 
\ts  salts  to  Uie  acid,  in  the  form  of  a  yellow  crystalline  preci- 
pitate whioh  is  de]io8:ted  from  solution  in  hot  water  in  the  form 
of  small  n^ddifih-yellow  octohedrons  having  a  specific  gmvity 
of  3'586,  One  hundred  parts  of  water  dissolve,  according  to 
UDsen  and  KirchliofiC  oa  follows : 


ItO*     10"       20*       80*       iO'      SO' 

170  0-90  112  1-4.1  176  217 


60*       70'       80*       90'    100* 

2U1  319  3-79  4 -lo  518  parts. 


It  is  insoluble  in  a  saturated  solution  of  potassium  chloride  aa 
well  as  iu  alcohol.  It  dissolves  in  caustic  potash  and  is 
precipitated  from  the  solution  on  the  addition  of  acids. 

Sodium   riaiinifhluride,  Na^PtCIj  -H  611^0,   is  obtained  by 
^vaporating  the  acid  with  common  salt,  when  light-red  triclinic 
sms  or  tables  are  deposited  which  have  a  8])ccific  gravity  of 
(*499.     These  become  anhydious  at  100°  falling  to  a  yellowish- 
red  powder,  which  is  easily  soluble  in  water  and  alcohol. 
^  Norton,  Joum.  Chttn,  Soc.  xxr.  6S0. 
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Lithium  Phitinichloi-ide,  Li^PtCl^  +  611,0,  crj-stallizea  in 
large  orange-yellow  plates  which  effloresce  in  the  air  and  are 
easily  soluble  in  water  and  in  a  mixture  of  alcohol  and  ether, 
but  not  in  pure  ether. 

RuhUlium  I'latinichloridc,  EbjPtClj,  closely  resembles  tlie 
potassium  salt  but  is  still  more  insoluble,  for  100  parts  of  water 
dissolve  according  to  Bxmsen  the  following  amounts  : 

20*  iO'  60°  80»  100* 

0141     0166     0-258     0-417     0  634  parts. 

Cceiium  PlcUinichloruie,  CsPtCl^  is  the  least  soluble  of 
the  chloroplatinates  of  the  alkali  metals,  100  parts  of  ^^•ater 
dissolving : 

80*  40°  60°  80'  100' 

0-070     0142    0-213     0291     0  377  parts. 

It  forms,  like  the  rubidium  salt,  microscopic  glistening  honey- 
yellow  transparent  regular  octohedrons. 

Ammcniium  PIdtinirhloritk,  (N'H.^\VtC\^,  is  obtained  by  pre- 
cipitating the  acid  with  an  ammonium  salt,  as  a  lemon-yellow 
crystalline  powder,  which  crystallizes  from  hot- water  in  orange- 
yellow  octohedrons,  having  a  specific  gravity  of  o'O,  and  areim- 
distinguishable  in  appearance  from  the  potassium  salt.  One 
hundred  jiarts  of  water  dissolve  at  tlie  ordinary  temperature 
about  0-666,  and  at  100°  1-25  parts  of  the  salt.  It  is  not  soluble 
either  in  alcohol  or  ether,  and  scarcely  soluble  in  a  solution 
of  sal-ammoniac.  On  heating  it  decomposes  without  fusion, 
leaving  pure  platinum-.spoiige  behind. 

Plutinic  Bromide,  PtlJr^,  has  not  been  prepared.  When  pla- 
tinum is  dissolved  in  a  mixture  of  nitric  and  hydrobromic  acids, 
and  the  concentrated  solution  allowed  to  evaporate  over  quicklime, 
dark -red  monoclinic  prisms  of  hromaplatinic  acid,  HjPtBrj  + 
9H,0,  are  deposited,  which  are  verj-  deliquescent  This  com- 
pound gives  rise  to  a  series  of  bromoplatinates  corresponding  to 
the  cbloroplatinates,  most  of  which  possess  a  red  colour. 

Plafinic  Iodide,  l^il^,  is  a  black  or  brownish- black  amorphous 
powder  obtained  by  the  action  of  hydriodic  acid  on  a  solubk 
chloroplatinate.  This  dissolves  in  hydriodic  acid,  end  the 
purple-red  solution,  which  becomes  of  a  reddish-black  on  eva- 
poradoQ  in  a  vacuum,  deposits  fine  reddish-black  fealhcTV 
needles,  or  brownish  apparently  monoclinic  crystals,  havin"  a 
metallic  lustre,  of  iodoplatinic  acid,  H^Ptlj  +  9H,0.    This  easily 
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decompose  into  water,  hydriodic  acid,  and  platinic  iodide.  Tlie 
iodoplatinates  are  brown  and  possess  a  metallic  lustre ;  they  are 
soluble  in  water  and  are  very  unstable,  giving  off  iodine  at  a  tem- 
perature below  100° 


*  Platinic  (SHZ/j/ta^c,  ^(SOJj,  is  obtained  as  a  brown  mass  by 
acting  on  the  hydroxide  or  chloride  with  sulphuric  acid  and 
evaporating  tlie  solution.  If  anniionia  be  added  to  the  solution 
and  the  precipitate  boiled  with  caustic  potash,  or  if  ammonium 
platinichloride  be  decomposed  by  the  same  reagent,  a  brown 
precipitate  o^  fulmina(in/j  philinum  is  obtained.  This  probably 
possesses  the  composition  rt203(NH3)., ;  it  does  not  e.x[)lode  by 
percussion  or  friction,  but  does  so  when  heated,  especially  if 
the  rise  of  temperature  be  rapid. 


PLATINONITRITES. 


614  These  singular  compounds,  which  do  not  comport  them- 
selves as  double  salts,  were  first  described  by  Lang  •  and  after- 
wards investigated  more  completely  by  Nilson.- 

Potassium  Platinonitritc,  K^\{iiiO^^,  is  obtained  when  solu- 
tions of  potassium  nitrite  and  potassium  jilatinochloride  are 
warmed  together.  It  is  deposited  in  the  form  of  small  glisten- 
ing six-sided  prisms,  which  dissolve  in  27  parts  of  water  at  15°, 
and  at  a  higher  temperature  in  a  smaller  quantity.  Alkalis  do 
not  precipitate  platinum  oxide,  and  sulphuretted  hydrogen  does 
precipitate  sulphide  of  platinum  from  its  solution.  When  the 
solution  is  allowed  to  evaporate  spontaneously,  rhombic  tables 
having  the  composition  KjPt(NOj)j  +  2HjO  separate  out  These 
ctHoresce  readily. 

Ammonitim PlatinmiitrHf,  (KR^)^t(KO.^^■^  SH^O, cr}-stallize3 
in  glistening  prisms,  which  do  not  undergo  alteration  in  the  air, 
but  decompose  when  heated  with  evolution  of  light  and  heat 

Silver  Platinonitrite,  Ag2Pt(NO,)4,  is  obtained  when  solutions 
of  the  potassium  salt  and  silver  nitrite  are  mixed.  On  recrys- 
tallizing  the  precijiitated  salt  from  hot  water,  large  yellow 
glistening  nionocliuic  prisms  are  obtained,  which  on  heating 
decompose  with  incandescence  and  detonation. 

Barium  Platinonitrite,  BaPt(N0j)4  +  SH^O,  is  obtained  by 
decomposing  the  silver  salt  with  chloride  of  barium.     It  crj-stal- 

'  Journ.  Pral:  Chem.  Ixxxiii.  415. 

'  £tr.  Dftttxh.  Chem.  Oct.  ix.  17^2,  i.  B34. 
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lizes  from  solution  in  hot  water  in  colourless  octohedrons.  If 
this  salt  be  decomposed  by  dilute  sulphuric  acid  and  the  solution 
evaporated  in  a  vacuum  over  caustic  potash,  microscopic  crystals 
having  the  colour  of  chromium  trioxide  separate  out ;  these 
possess,  according  to  Lang,  the  composition  HjPt(NO,)^.  Ifilson 
was  unable  to  obtain  this  compoiind.  The  solution  yielded, 
on  evaporation,  a  gummy  mass  and  a  green  glistening  residue, 
having  the  composition  HjPt30(X0„)j  +  2HjO.  On  neutrali- 
zation with  potash  and  evaporation,  this  yielded  the  potassium 
salt  K4Pt30(NOj)g  +  2HjO  in  oblic[ue  four-sided  gllsteniBg 
light-yellow  tablets. 


AMMONIACAL  PLATINUM  COMPOUNDS. 


615  Like  the  salts  of  cobalt  and  of  mercury,  the  various  plati- 
num salts  are  capable  of  forming  pecidiar  basic  compounds  with 
ammonia,  the  constitution  of  which  is  yet  but  imperiectly  undcr- 
BtoocL  The  hrst  of  these  compounds  was  obtained  in  1828  by 
]\Iagnus.^  r.y  tlie  action  of  ammonia  on  platinous  chloride  be 
obtained  a  green  insohxble  salt  having  the  composition  PtClj 
(XHj)^,  which  is  well  known  as  Magnus's  green  salt.  Gros  *  then 
obtained  a  series  of  light-yellow  or  colourless  salts  by  the  action 
of  nitric  acid  upon  the  giecn  salt  of  JIagtms.  Reisct*  and  Pey- 
ronue  *  independently  found  that  by  the  action  of  ammonia  on 
JIagnus's  green  salt,  or  on  platinous  chloride,  two  other  series  of 
compounds  could  be  obtained.  These  were  distinguished  as  the 
chlorides  of  Pieiset's  first  and  second  bases.  PejTonne  ehowe<i 
that  Magnus's  salt  is  a  platinochloride  of  tlie  second  base. 
Further  investigations  of  these  compounds  and  theoretical 
speculations  concerning  their  constitution  have  been  made  by 
various  otiier  chemists.'* 

Twelve  series  of  the.se  compounds  are  known.  They  resemble 
the  ammoniacal  cobalt  compounds,  inasmuch  as  they  are  basic 
bodies  which  form  strongly  alkaline  hydroxides,  and  they  may 
likewise  be  considered  as  consisting  empirically  of  compounds 


>  Pogg.  Jitn.  xiv.  242. 

"  Oros,  jinn.  Cliim.  I'hjt.  [2],  Ixix.  204. 


•  Kcisct,  ibid.  [3],  xi.  417,  iinii  Campl.  Hmd.  x.  870  ;  xriii.  1103. 

♦  Ann.  Chim.  Phys.  [8],  xii.  193,  aud  xvi.  4tf2. 
'  Kacwsky,  Ann.  Vhim.  Phys.  [3],  xii.  273  ;  Gerhanlt,  Compt.  Kevd.  TXri. 

244  ;  liui-kt'on,  Ann.  Chem.  P/ittrm.  Ixxxiv.  2'.!0  ;  Thomgon,  Jicr.  DcuttcA.  Chan, 
(la.  iii.  42;  OiUing,  ihid.  682;  Blomstraml,  ihid.  vt.  873;  Clevc,  Bull.  See. 
Chim,  [2J,  vii.  12;  xv.  101 ;  xvi.  2o3;  xrii.  289. 
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of  fither  platinona  or  platinic  salts  with  several  molecules  of 
ammonia.  The  cbloridea  of  the  platinum-ainmonias  possess  the 
following  composition.  It  is  seen  that  certain  series  possess 
aa  identical  composition,  but  that  these  differ  from  one  another 
in  properties : 


(1)  Platosammonium  chloride  .     . 

(2)  Platosemidiainmonium  chloride 

(3)  Platomonodiamraonium  chloride 

(4)  Platodiammonium  chloride 

(5)  Platinamiuouium  chloride  .     . 

(6)  Platinsemidiammoninm  chloride 

(7)  Platinmonodiammonium  chloride 

(8)  Platindiammonium  chloride   . 

(9)  Diplatinammoniiim  chloride  . 
(Kt)  Diplatodiammonium  chloride 

(11)  Piplatinaramonium  chloride   . 

(12)  Diplatintetrammonium  chloride 


}.rtCl,(NH,), 

,     PIC1,(NH3), 
,     PtCI,(NHJ,. 

|l>tCl,(NH,)y 


J 


PtC],(NH,)3. 

PtCl,(NH).04. 

Pt,Cl,(NH3)3. 

Pt,CI,(NH3),. 

Pt,Cl,(NHJ,. 

Pt,Cle(NH3)g. 


r 
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6x6  Tliese  are  formed  from  the  corresponding  platodiammonium 
comjwunds  by  withdrawal  of  the  elements  of  ammonium.  They 
are  difficultly  soluble  or  insoluble  in  water,  and  dissolve  again  in 
ammonia,  with  formation  of  platodiammonium  compounds.  They 
deflagrate  on  heating. 

riatosammoniuvi  Oxide,  PtO(N"H3)3,  Ls  obtained  as  a  greyish 

ass  by  heating  the  corresponding  platodiammonium  oxide 
to  110°.  When  heated  to  200°  in  a  retort  it  gives  off  water, 
ammonia,  and  nitrogen,  and  leaves  metallic  platinum.  Tlie 
1iydroo;ide,  Pt(Ori)j(NH3)2,  is  prepared  by  decomposing  the  sul- 
phate with  baryta  water.  It  is  crj-stalline,  readily  soluble  in 
water,  and  possesses  a  strongly  alkaline  reaction,  acting  as  a 
strong  base.  It  precipitates  tlie  solutions  of  many  metallic 
salts,  liberates  ammonia  from  the  ammoniacal  salts,  and  readily 
absorbs  carbonic  acid  from  the  air.* 

Platosammonium  CJiloride,  PtClj(NHg)2,  is  obtained  by  heating 
the  corresponding  diammonium  salt  from  220°  to  270°,  or  by 
heating  it  with  hydrochloric  acid,  as  well  as  by  boiling  Magnus's 
green  salt  with  ammonium  sulphate  or  nitrate.  It  is  a  sulphur- 
yellow  crystalline  body,  occasionally  consisting  of  microscopic 

1  Odling,  Chem.  X'eirs,  xxi.  261  and  2S9. 
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octoheilrons,  which  dissolves  at  0°  in  4,472  parts,  and  at  ]  00°  in 
130  parts  of  water.  It  decomposes  on  heating  into  potassium 
platinichloride,  hydrochloric  acid,  and  nitrogea  The  wliole  of 
the  cldorine  is  gradually  precipitated  from  its  solution  in  the 
presence  of  silver  nitrate. 

Platosammonium  Bromide,  PtBr2(XH3)j,  forms  a  light-yellow 
precipitate  consisting  of  microscopic  needles,  and  is  formed  by 
mixuig  a  solution  of  the  nitrate  with  one  of  potassium  bromide. 

P/atosammonium  Iodide,  VtlJCKH^^,  is  a  yellow  powder  ob- 
tained hy  boiling  an  aqueous  solution  of  platodiammoninni 
iodide.  It  dissolves  easily  in  ammonia,  leaving  a  residue  of  the 
last-named  compound,  and  unites  directly  witli  iodine  to  form 
ammoiuum  iodoplatinatc. 

Platosammonium  Sulphate,  ViSOJi^B.^^  +  'Rfi,  is  obtained 
by  boiling  the  iodide  or  chloride  with  water  and  silver  sulphate. 
It  is  wliite  and  crystalline,  and  difficultly  soluble  in  cold,  but 
more  readily  in  hot  water.  It  possesses  an  acid  reaction,  and 
does  not  part  with  its  water  until  a  temperature  is  reached  at 
which  the  salt  itself  begins  to  decompose. 

Platommmoniiim  Nitrate,  Pt(N03)j(NTIj,),,  is  formed  when 
the  chloride  or  iodide  is  boiled  vnih.  silver  nitrate.  It  dissolves 
pretty  readily,  though  slowly,  in  hot  water,  crystallizes  in  yellow 
microscopic  needles,  and  has  an  acid  reaction. 

Platosammonium  Nitrite  is  obtained  by  boiling  the  chloride 
with  a  solution  of  potassium  nitrite.  It  crystallizes  from  boiling 
water  in  small  four-.sided  prisms,  which  are  difficultly  soluble  in 
cold  water  and  detonate  slightly  on  heating. 
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617  These  compounds,  which  are  isomeric  with  the  preceding, 
are  formed  by  the  direct  addition  of  ammonia  to  platiuous  saltSw 
The  oxide  is  not  known. 

Platoscmidinmmoniian  Chhridi;  ViQ\J!^Y{.^^  By  the  addition 
of  ammonia  to  a  cold  solution  of  platinous  chloride  in  hj-dro- 
chloric  acid  a  green  precipitate  is  formed  which  on  boiling  with 
water  decomposes  into  the  insoluble  green  salt  of  Magnus,  and 
a  solution  of  the  above  salt,  which  may  be  obtained  on  crystal- 
lization, in  small  yellow  prisms,  dissolving  in  387  paits  of  cold, 
and  in  20  parts  of  boiling  water.  If  boiled  with  caustic  soda 
diplatodiaiuiiionium  hydroxide  is  formed. 


Platosemidiammoniuvi  Bromide,  PtBr2(NH3)j,  is  obtained,  by 
precipitating  the  concentrated  solution  of  the  nitrate  with  po- 
tassium bromide,  in  the  form  of  golden-yellow  glistening  needles, 
•which  when  washed  become  red. 
i  Plaiosemidiammonium  Iodide,  VtJ^(Nl{^2>  ^  obtained  in  fine 
yellow  microscopic  crystals  by  precipitating  the  nitrate  with 

■potassium  iodide. 
[    Platosemidiammonium  Sulphate  is  prepared  by   boiling  the 
chloride  with  water  and  silver  sulphate.     It  forms  hard  yellow 
crystalline  crusts,  which  are  difficultly  soluble  even  iji  boiling 
WBt«r. 

Platosemidiammonium  Nitrate,  PtfNOJjfNHj).,.  "Wlien  the 
chloride  is  boiled  with  silver  nitrate  this  compound  is  obtained 
in  the  form  of  white  crusts  consisting  of  small  needles. 

Platosfmidiammonituii  Nitrite,  Pt(N02)o(NH3)j.  When  the 
chloride  is  boiled  with  potassium  nitrite  solution  which  has 
H|)een  rendered  slightly  acid  by  acetic  acid,  the  above  salt  is 
obtained  in  whitish-yellow  prisms  which  are  difficultly  soluble 
in  boiling  water  and  explode  on  heating,  finely  divided  platinum 
remaining  behind. 

U   III.  PLATOMONODIAMMONIUM  COMPOUNDS. 

6i8  The  cldoroplat inite  or  plnfinoMoride  of  this  group, 
Pt(NH3)3  PlCl^,  is  obtained  in  small  quantity  when  ammonium 
carbonate  is  added  to  a  boiling  veiy  dilute  solution  of  platinous 
chloride.  It  crj'stallizes  in  small  reddish-brown  glistening 
laminte  slightly  soluble  in  cold  but  more  readily  in  hot  water. 
By  decomposing  with  silver  nitrate  and  concentrating  the  solu- 
tion the  nitrate,  Pt(NHg)3(N0j)j  -I-  H3O,  is  obtained  in  yellow 
crusts.  If  the  concentrated  solution  of  this  latter  salt  be 
mixed  with  hydrorhloric  acid  and  cooled  down  with  ice  the 
ehloridc,  Pt(NHg)3Cl2,  separates  out  in  small  laminfe  or  prisms 
which  are  readily  soluble  in  water.  It  unites  directly  with 
^khlorine  to  form  pktinmonodiammonium  chloride. 


IV.    PLATODIAMMONIUM    COMPOUNDS. 


619  The  platinochloride  of  this  group  is  Magnus's  green  salt, 
the  first  of  the  compouud  platinum  amnionias  which  was 
discovered. 

Platodiammo7iium  Hydroxide,  Pt(NHj)j(0n)3,  is  obtained  by 
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decomposing  tbe  sulphate  with  baryta  water  and  evaporating  in 
a  vacuum,  when  it  is  obtained  as  a  mass  of  white  neodlea 
which  melt  at  110",  giviug  off  water  and  ammonia  and  leaving 
platosammouium  oxide.  It  deliquesces  oa  exposure  and  the 
aqueous  solution  may  be  boiled  without  decomposition.  It  has 
a  strong  alkaline  taste,  acts  as  a  caustic,  rapidly  absorbs  carbon 
dioxide  from  the  air,  uud  decojuposes  the  salts  of  silver  and 
ammonium. 

Platodiamvwnium  Cldovidn;  Pt(NIIj),Cl^  +  11,0,  is  obtained 
by  boiling  platiiious  chloride  with  ammonia  until  tbe  grw.n  pre- 
cipitate (Magnus's  salt)  formed  in  the  first  instance  re-dissolves 
(Reiset).  Ou  evaporation,  the  solution  yields  large  colourless 
quadratic  crystals  which  are  very  fiiable,  possess  a  saline 
taste  and  are  perfectly  neutral.  They  dissolve  in  4  parts  of 
cold,  and  more  readily  in  hot  water,  alcohol  precipitating  the 
salt  from  solution.  At  100"  they  become  anhydrous  and  when 
strongly  heated  they  give  off  ammonia  and  are  converted  into 
platosammonium  clilorido.  If  the  acid  solution  be  mixed  with 
chloroplatiuous  acid,  ilagnus's  green  salt,  rt(NH3)^PtCl^,  is 
precipitated  and  this  is  also  obtained  by  reducing  chloroplatinic 
acid  with  sulphur  dioxide  and  saturating  the  boiling  liqiud  with 
ammonia.  It  forms  dark-green  needles  insoluble  in  water, 
alcohol,  and  hydrocidoric  acid. 

Platuilinmmonium  Bromide,  2Pt(NH3)^Brj  +  3H.,0,  is  obtained 
by  decomposing  the  sulphate  with  barium  bi-omide.  It  crystallizes 
in  square  tables. 

Platodiammoninm  Iodide,  Pt(NH3)^Ig,  is  obtained  in  a  similar 
way  with  barium  iodide  and  crystallizes  in  pearly  scales. 

Platodiammonhim  Unlphate,  V\{)sYi^^^^,  is  prepared  by 
decomposing  the  chloride  with  silver  sulphate,  or  sulphuric 
acid.  In  the  latter  case  the  acid  salt  is  obtained,  and  this  is  con- 
verted into  the  nonnal  sidt  by  recrystalliKation  from  hot  water. 
It  forms  small  cr3'stalline  grains  or  scales,  but  may  also  be 
obtained  in  large  colourless  transparent  quadratic  ]>riBms  which 
dissolve  in  32  parts  of  cold,  and  in  a  smaller  quantity  of  ho'< 
water. 

PlcUodiamnumium  Nitrate,  Vt(Nli^)^(SO^)f,  is  preparod  by 
precipitating  the  chloride  with  silver  nitrate.  It  crj-stallizea  in 
long  colourless  mouoclinic  needles  which  dissolve  in  HI  p;irt*  nf 
water  and  on  heating  detonates  like  gunjiowder. 

PlatodjnMmonium  Carbonate,  Tl(SU^^CO^  +  211j(;),  is  fonued 
on  exposing  the  hydroxide  to  the  air.     When  tlii<  snlntinn  it 
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saturated  with  carbon  dioxide  the  acid  salt,  Pt(NH3),(C03)jHj, 
separates  out  iu  cr^-stala  ■which  cau  bo  heated  to  120°  vrithout 
^decompositiou. 


■ 


V.    PLATINAMMONIUM   COMPOUNDS. 

620  Tliese  are  formed  from  the  corresponding  platosnmmonium 
compounds  by  oxidation  by  the  members  of  the  cldorine  group, 
or  by  nitric  acid,  «S:c. 

Hatinammoniuni  ITiidroxide,  rt(NII.,)j(OH)^,  falls,  as  a  heavy 

yellow  crystalline  powder,  when  ammonia  is  added  to  a  boiling 

I  solution  of  the  nitrate.     The  crj'stals  consist  of  small  mono- 

cLnic  prisms.    They  are  not  soluble  in  water  but  easily  dissolve 

iu  hot  dilute  acids. 

Plalinavivionium  Chloride,  Pt(NH^jCIp  is  obtained  by  the 
action  of  chlorine  on  platosamraonium  chloride  suspended  in 
boiling  water.  It  is  a  heavy  lemon-yelbw  crystalliue  powder 
consisting  of  small  quadratic  octohedrons.  It  dissolves  in  100 
parts  of  water  at  0°  and  in  34  parts  of  boiling  water.  This 
compound  is  soluble  in  boiling  potash  with  evolution  of 
ammonia. 

Plufinammojimm  Sulphate,  rt(N"Hj)j(SO^j  +  3HjO,  is  a 
yellowish-white  crystalline  mass  obtained  by  dissolving  the 
basic  salt,  Pt(NH3)j(0H)jS0^  +  Ufi,  in  dilute  sulphuric  acid 
and  evaporating.  Tliis  latter  salt  is  obtained  by  decomposing  the 
chloride  with  silver  sulphate  and  forms  a  straw-yellow-coloured 
crust  made  up  of  needles.     It  is  very  insoluble  in  water. 

Plalinammonium  Nitrate,  Pt(NH,)g(N0,)4,  crystallizes  in 
oblique  four-sided  prisms  whicli  are  insoluble  in  cold  and  slightly 
soluble  iu  hot  water,  but  dissolve  readily  iu  warm  water  contain- 
ing nitric  acid.  Wlien  tlie  chloride  is  boiled  with  a  solution  of 
silver  nitrate  a  basic  6altPt(NH3)j(OH)„(NO.,)j  -f-  HjO  separates 
out  as  a  yellow  crystalline  powder.  This  when  dissolved  in  hot 
nitric  acid  yields  the  normal  salt. 


VI.  PLATINSEMIDIAMMONIUM   COMPOUNDS. 

621  These  are  isomeric  with  the  platinammonium  compounds, 
and  they  are  similarly  obtained  from  the  platosemidiammonium 
salts.    The  hydroxide  is  unknown. 

Platinsemidiammmiium   Chloride,    Pt(NH3).^Cl,,    is  prepared 
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from  the  corresponding  plato-compound  by  treatment  witb 
chlorine.  It  is  a  heavy  yellow  powder,  consisting  of  six-sided 
rhombic  or  hexajjonal  plates,  which  on  heating  to  100°  turns 
green,  and  is  easily  decomposed  at  240°.  At  0°  it  dissolves  in 
300°,  and  at  100'  in  G5  parts  of  water.  It  dissolves  in  potaah 
with  evolution  of  ammonia,  and  is  not  decomposed  by  concen- 
trated sulphuric  acid. 

When  platosemidiammonium  nitrate  is  treated  with  chlorine 
the  salt,  Pt(NH3)j,(NOj)jCl2,  is  formed,  and  crystallizes  in  small 
yellow  needles. 


VII.  PLATINMONODIAMMONIUM  COMPOUNDS. 

622  These  are  obtained  from  the  corresponding  platonionodi- 
ammonium  compounds  by  oxidation. 

Platinmonodiammonium  Chloride,  Pt(K'ITj)3Cl^,  is  obtained  by 
the  action  of  aqua-regta  on  platomonodiaramouium  chloride.  It 
crystallizes  in  light-yellow  glistening  rhombic  or  hexagonal 
tables,  which  are  tolerably  soluble. 

If  bromine  be  added  to  a  solution  of  the  nitrate  of  plato- 
monodiammoiiium,  a  bromo-nitrate  is  obtained,  having  the  com- 
position rt(NH3")3(N03)jBrj;  it  fonns  crystalline  crusts  having  a 
golden-yellow  colour. 


VIII.  PLATINDIAMMONIUM  COMPOUNDS. 


i 


623  These  are  obtained  from  the  corresponding  platodiam- 
raonium  compounds. 

Platimliammonmin  CMoridc,  Tti^^TR^ ^C\^,  is  formed  when 
clilorine  is  led  into  the  corresponding  plato-compound,  or 
when  platinamnionium  chloride  is  dissolved  in  ammonia,  and 
the  excess  of  ammonia  expelled  by  evaporation.  It  forms  a 
white  crystalline  powder,  which  by  slow  crystallization  may  be 
obtained  in  transparent  regular  octohedrons,  having  a  faint 
yellow  colour.  It  is  almost  insoluble  in  water.  From  its  solu- 
tion silver  nitrate  precipitates  only  the  half  of  the  chlorine,  but 
on  long-continued  boiling  with  an  excess  of  silver  nitrate  a 
further  decomposition  slowly  goes  on.  AVljen  bromine  is  added 
drop  by  drop  to  a  boiling  solution  of  this  salt,  tlie  compound, 
Pt(XH3)^CljBrj,  is  obtained  as    a    difficultly  soluble    orange- 
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coloured  crj'stalline  powder,  and  by  the  action  of  sulpliuric 
acid  the  salt  I't(NH3)^Cl2S0j  is  obtained  in  thin  transparent 
needles. 

riaiindiammonium  Nitrate.  If  a  solution  of  platodiammouium 
nitrate  be  boiled  with  nitric  acid  the  basic  salt  Pt(XIl3)^((DPI) 
(NO™)^  is  formed,  crystalliziug  iu  colourless  oblique  prisms. 
"When  this  is  boiled  with  ammonia,  an  amorphous  powder  of 
rt(NH3)^(OH)j(N03)j  separates  out  on  cooling.  Both  these 
nitrates  deflagrate  on  heating.  "VYlien  hydrochloric  acid  is  added 
to  the  last  salt  a  heavy  white  cij'stalline  powder  separates  out 
of  Pt(N'Hj)j(NOj2Cl2.  and  the  corresponding  iodide,  I't(NHj)^ 
PfOj)^!^,  is  obtained  by  the  action  of  iodine  on  platodiam- 
mouium nitrate. 


IX.  DIPLATINAMMONIUM  COMPOUNDS. 


624  Of  these  the  iodide  only  is  known,  rt„(NH'3)jTu,  and  this 
is  obtained  by  boiling  platinammonium  iodide  with  potiish  and 
treating  tlie  resulting  yellow  powder  with  hydriodic  acid.  It 
is  a  black  amorphous  powder  which  when  again  treated  with 
potash  and  hydriodic  acid  yields  the  compounds  rt^(NHj,)3ljg 
and  l\CNH3)iaIi8. 


I 


X.  DIPLATODIAMMONIUM  COMPOUNDS. 


625  The  hydroxide,  rt2(NH3)^(OH)3  +  H^O,  is  formed,  as  has 
already  been  stated,  by  the  action  of  boiUng  caustic  soda  on  the 
platinsenxidiammonium  chloride.  It  is  a  greyish  crystalline 
insoluble  powder,  which  detonates  violently  when  heated.  On 
treatment  with  hydrochloric  acid  it  is  converted  into  a  yellow 
body,  and  this  on  boiling  with  water  yields  the  cldoride, 
Ptj(NH3)^Cl3,  as  a  black  amorphous  powder,  and  thus  as  well  as 
the  nitrate,  Pt2(NH3)4(N03)2,  deflagrates  when  heated. 


I. 


XI.   DIPLATINDIAMMONIUM  CHLORIDE, 


^4)4^^  +  HjO,  is  the  only  known  compound  of  this 
Series.  It  is  a  yellow  amorphous  powder,  obtained  by  the 
action  of  aqua-regia  on  the  hydroxide  of  the  preceding  series. 
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XII.   DIPLATINTETRADIAMMONIUM 
COMPOUNDS. 

626  These  compounda  have  been  chiefly  investigated  hy  Cleve. 
By  the  action  of  ammonia  on  platindiammonium  iodonitrate 
the  hasic  salt,  rt„(NHJj,0I<,(N03)j,  is  obtained  in  yellow  micro- 
scopic needles.  A  solution  of  this  salt  yields  with  potassium 
iodide  a  black  precipitate  of  PtjfNHj)^!,,,  whilst  with  nitric  acid 
it  forms  the  salt  l\(Nll^)^'[,/)^0^^,  which  can  be  obtained  by 
crystallization  from  hot  water  in  small  reddish-yellow  prisms. 
By  double  decomposition  with  silver  salts  other  double  nitrates 
may  be  obtained.  When  the  basic  iodonitrate  is  boiled  with 
silver  nitrate  a  white  difficultly-soluble  crj'stalline  powder  is 
obtained  of  the  basic  nitrate,  Ptj(NTl8)3(OH)2(NOs)^.  This 
explodes  violently  on  heating,  and  is  converted  by  nitric  acid  into 
the  crystalline  normal  nitrate,  Pt2(NH3)g(N03)j  -|-  H„0,  which 
is  decomposed  on  the  addition  of  water.  Tlie  basic  nitrate 
yields  with  liydvochloric  acid  a  diflicidtly  soluble  basic  chloride, 
Pt^(NH3)g{OH)2Cl^  -f-  H^O,  crystallizing  in  microscopic  needles. 

627  Acconliiig  to  Blomstrand  and  Geve,  the  constitution  of  the 
foregoing  ammoniacal  platinum  compounds  can  be  represented 
by  the  following  graphical  formulre,  in  which  R  stands  for 
chlorine  or  other  mouaJ  clement  or  radical : 


I.  I'latosammonium  compounds,      .     , 

II.  Platosemidiaramonium  compounds, 

III.  Platomonodiammonium  compounds, 

IV.  Platodiammonium   compounds, 
V,  Platinammonium   compounds, 

VI.  Platinaemidiammonium  compounds,  UjPt/Tj    *^"     *' 
VII.  Platinmonodiammonium  compounds,  ^2^^-m-u"ij 
VIII.  Platindiammonium  compounds, 


^  \NHj11. 
^^\R 

p/NH,(Nn,)P. 

^  \NHj(XHJIi. 


P  p./KH,(NH.)R 


IX.  Diplatinammonium  compounds, 


NH.R 
NH,R 
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X.  Diplatodiamraonium  compounds. 


XI.  Diplatindiammonium  compounds. 


t( 


RNH^CNHJR 

IJJ'tNH^CNHJR 

"  I        ' 
RjPtNH,.(NHJR 

XIL  Diplatintetradiammomum  compounds,      |    .^fj  (j;ji  (jj 


PLATINOCYANIDES. 


6a8  The  potassium  salt  is  formed  when  a  mixture  of  equal 
parts  of  spoti]j)'  platiuum  and  ierrocyanide  of  potassium  is 
heated  nearly  to  redness  in  a  crncilde,  the  mass  dissolved  in 
water,  and  the  filtrate  evaporated  (Gmelin),  or  by  dissolving 
jilatinous  chloride  in  C3'anide  of  ])otassium.'  The  other  salts 
can  be  obtained  by  double  dt'coniposition. 

\  Platinocyanie  Acid,  H2pt(CN)^,  is  obtained  by  decomposing 
the  copper  or  mercury  salt  with  sulplnirett^'d  liydrogen,*  or  by 
decomposing  the  barium  salt  with  dilute  sulphuric  acid.'  After 
evaporating  to  dryness,  the  residue  is  treated  with  a  mixture  of 
alcohol  and  ether,  and  the  ethereal  solution  allowed  to  evaporate 
spontaneously,  when  fine  cinnabar-red  prisms,  exhibiting  a 
splendid  blue  colour  by  reflected  light,  are  obtained.  These  liave 
the  composition  HjPt(CN), +  5HoO.  Sometimes  yellowish- 
green  ciystals,  having  a  copper-red  or  golden  lustre,  are  obtained, 
wliich  contain  more  water.  When  heated  to  100''  they  become 
yellow,  and  decompose  at  temperatures  above  140\  They 
are  deliquescent,  yiekling  a  colourless  solution  in  alcohol ; 
.he  aqueous  solution  decomposes  carbonates  with  evolution  of 
carbon  dioxide. 

Potassium  PlatiiMcyanidc,  KjPt(CN)j-fl2HjO,  is  obtained 
by  dissolving  ammonium  platinic-chloridc  togetiier  with 
caustic  potash  in  a  boiling  concentrated  solution  of  potassium 
cyanide.  The  liquid  is  boiled  until  no  further  evolution  of 
ammonia  takes  place,  when  the  salt  crystallizes  out.*    This  is 

'  Knop,  Ann.  CJum.  Pharm.  xliii.  111. 
'  Quwlrttt.  ibi4.  Ixiii.  164  ;  Ixv.  249  ;  Ixt.  300. 
»  Weaclsky,  Jtntm.  I'racl.  Chem.  Ixix.  276. 
*  lUrtius,  Ann.  Chcm.  Pharm,  cxvii.  3S7. 
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also  formed  when  spongy  platinum  is  boiled  with  solution  of 
cyanide  of  potassium,  or  when  a  mixture  of  the  two  bodies  is 
heated  at  a  temperature  of  from  500°  to  600°  in  steam  (Deville 
and  Debray) : 

4KCN  +  Pt  +  2HjO  =  Kjrt(CN),  4  2K0H  +  Tf, 

It  fnrnis  long  yellow  rhombic  prisms,  exhibiting  a  blue 
metallic  lustre  by  reflected  light,  and  being  very  readily  soluble 
in  water.  If  the  hot  solution  l)e  saturated  with  chlorine,  oi 
boiled  with  aqna-regia,  colourless  prisms  of  potassium  chloro- 
platinocyanide,  K^Pt(CN)^Cl2  + 21X^0,  are  obtainwl  on  evapora- 
tion. If  this  solution  be  mixed  iu  the  right  proportion  with 
potassium  platinocyunide  a  double  salt  is  obtained  of  the  com- 
position 5KgPb(CN')  +  K2Pt(CN)^CL+  2in.p,  crystallizing  in 
magnificent  green  prisms  which  exhibit  a  copper-red  lustre  by 
reflected  light  and  are  soluble  in  water.  This  s-ilt,  which  is  also 
formed  when  jtota-ssiuin  platiuocyanide  is  treated  m  ith  a  moderate 
quantity  of  cblorine,  was  at  one  time  believed  to  be  a  platini- 
cyaniile  corresponding  to  potassium  ferricyanide,  a.s  the  presence 
of  chloriuo  in  it  Iiad  been  overlooked,  and  because  in  alkaline 
solution  it  acts  as  an  oxidising  agent,  and  potassium  hypo- 
chlorite being  formed : 


% 


5KjPl(CNX  +  lVjPt(CNX  Clj  +  21^011  =  6K.Pt(CIf j^  +  KOCl  + 

KCl  +  H.,0. 


I 
I 


Its  true  composition  was  first  pointed  out  by  Hadow.' 

Barium  Phtinocijanide,  BaPt(CN)4  -f-  AW.fi,  was  first  obtained 
by  passing  hydrocyanic  acid  into  water  containing  platinous 
cliloride  and  barium  carbonate  in  suspension.*  It  can  also  be  ■ 
easily  obtained  by  decomposing  the  copper  salt  by  barj-ta-water.  V 
It  forms  large  rhombic  crystals  which  exhibit  a  green  colour  in 
the  direction  of  the  primary  axis,  whilst  at  right  angles  to  this 
direction  they  appear  of  a  sulphur-yellow  colour. 

Matjivesium  PlatUwqjnnidf.,  2MgPt(GN),  -f  TH^O,  is  obtained 
by  decomposing  the  barium  salt  with  magnesium  sulphate,  and 
is  one  of  the  most  beautiful  salts  of  this  group.  It  forms  large 
square-based  red  prisms,  the  sides  of  wliich  viewed  by  reflected 
light  have  a  beetle-green  lustre,  whilst  the  end  faces  reflect  blue  m 
or  purple  light.  It  crystallizes  from  alcohol  with  six  molecules  cfW 
water  in  four-sided  lemon-yellow  tables,  having  a  blue  reflection, 

'  Quart.  Joum.  Chem.  Soc,  xiii.  106. 

'  SVesulsky,  Joum.  Pract,  Chem.  Izix.  279. 
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exhibiting 


all  shades  of   colour  of  red,  blue,  and 


and  often 
green. 

^lany  other  platinocyanides  besides  these  are  known,  of 
which  several  are  remarkable  for  their  splendid  play  of  colours. 
Some,  such  as  the  green  copper  salt,  are  insolulvle  powders 
obtained  as  precipitates  by  double  decompositioa  A  very 
characteristic  reactiou  for  the  platinocyanides  is  that  on  addi- 
tion of  a  mercurous  or  a  mercuric  salt  to  their  solution  a 
wliite  precipitate  is  first  tlirown  down,  but  on  addition  of  more 
mercurous  salt  this  becomes  of  a  smalt-blue  colour. 


h 


PLATINOTHIOCYANATES. 


629  Potassium  Flafinotkioci/anate,  K^t{f'^CK)^,  is  obtained  by 
dissolving  platinuiu  dicbloride  in  a  solution  of  potassium  thio- 
cyanate,  or  better  by  dissolving  equal  parts  of  potassium  plati- 
nochloride  and  potassium  thiocyanate  in  the  smallest  quantity 
uf  water,  wlien  the  mixture  becomes  warm,  and  on  cooling  the 
salt  separates  out  in  red  microscopic  prisms.  When  the  com-- 
spondiug  barium  salt  is  decomimsed  by  dilute  sulphuric  acid, 
the  free  acid  is  obtained  in  solution,  but  this  undergoes  rapid 
decomposition.! 


PLATINITHIOCYANATES. 


^1     630  PlatinilhionjanicAcid,'H^Vt(SC^\.    On  decomposing  the 

^■lead  salt  with  dilute  sulphuric  acid,  a  thick  dark-red  very  acid 

^^liquid  is  obtained,  which  decomposes  carbonates,  and  dissolves 

zinc  with  evolution  of  hydrogen.     On  evaporation  in  a  vacuum 

an  indistinct  crystaUino  mass  remains  behind. 

Potassium  Platinithiocyan.atc,  Kjl't(SCN)^,  is  obtained  by 
adding  potassium  thiocyanate  solution,  not  in  excess,  to  a 
solution  of  potassium  platinichloride,  and  heating  to  boiling. 
The  filtered  solution  on  cooling  deposits  large  six-sided  prisms 
or  tables  having  a  carmine-red  colour  and  possessing  a  very 
disagreeable  taste.  They  dissolve  in  water  forming  such  a  deep- 
red  solution  that  one  drop  of  the  concentrated  liquid  imparts  a 
distinct  colour  to  100,000  parts  of  water.  When  the  concen- 
trated solution  is  boiled  with  ammonium  sulphate  a  very  similar 

'  Backton,  Quart.  Joum.  Clian.  Soe,  Tii.  22. 
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ammomxim  platinithiocyanate  is  formed  The  platinithiocyanates 
of  the  alkali-metals  are  soluble  in  water  and  crystallizable ; 
those  of  the  heavy  metals  are  insoluble  and  have  a  yellowish- 
or  blackish-red  colour  (Buckton). 


PLATINUM    AND    THE    ELEMENTS   OF   THE 
SULPHUR   GROUP. 


631  Platinum  Monosulphidt,  PtS,  is  formed  when  platinum 
sponge  is  heated  with  sulpliur  in  a  vacuous  glass  tube,  or  when 
platinous  chloride  is  fused  with  carbonate  of  soda  and  sulphur, 
and  the  muss  extracted  with  water.  It  forms  a  gi-een  powder  or 
a  mass  of  glistening  needles.  Wlien  lieated  in  the  air  it  de- 
composes, leaving  a  residue  of  platinum,  and  when  ignited  in 
hydrogen  it  5'ield8  sulphuretted  hydrogen  and  spongj'  platinum. 

Platinum  Disulphiik,  PtS.,,  is  formed  as  a  steel-grey  powder 
by  heating  ammonium  platinic-chloride  with  sulphur  to  a  dark- 
red  heat.  When  sulphuretted  hydrogen  is  passed  through  a 
solution  of  a  platinic  salt  a  black  precipitate  of  sulphide  is  first 
formed,  but  this  by  further  action  of  the  gas  becomes  light- 
brown,  from  formation  of  hydrogen  platinum  sulphide,  a  com- 
pound which  on  e.\posure  to  the  air  again  gives  up  sulphuretted 
hydrogen. 

Platinum  disulphide  combines  with  basic  sulphides  and  there- 
fore dissolves  in  the  sulphides  of  the  alkali-metals. 

Potassium  Pla(inothioplatinatc,Ii^\\?,^  =  K,S  +  3PtS  +  PtSj, 
is  obtained  by  fusing  together  platiniun  sponge,  potash,  and 
sulphur,  and  lixiviating  the  mass  with  water.  It  then  deposits 
in  the  form  of  hard  six-sided  tables,  which  on  heating  in 
the  air  bum  like  tinder.  Dilute  sulphuric  acid  converts  it 
into  HjPt^S,,  and  this  on  exposure  to  air  oxidises  to  plati- 
num scsqiiisidphidc,  PtjSj,  forming  a  steel-grey  crystalline 
powder. 

Di-sodiuin  Platinothioplatinale,  Na^Ptj  Sg  =  2Na.,S  -1-  2PtS  + 
PtSj,  is  obtained  in  a  similar  way  to  the  preceding  compound, 
and  forms  pale  copper-red  thin  crystalline  needles  wliich  are 
converted  in  contact  with  hydrochloric  acid,  witiiout  alteration 
of  form,  into  a  reddish-brown  compound,  H^Pt^Sj,  which 
oxidizes  extremely  quickly  in  the  air  with  formation  of  the 
sesquisulphide.* 

'  Schneider,  Poffg,  Ann.  cxxxviti  80i. 
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Spongy  platinum  unites  with  selenium  with  incandescence 
■when  tliese  substances  are  heated  together,  with  formation  of  a 
grey  infusible  powder,  which,  when  heated  before  the  blowpipe, 
t  loses  the  whole  of  its  selenium. 


PLATINUM   AND   THE   ELEMENTS   OF   THE 
PHOSPHORUS  GROUP. 


These  two  elements  fuse  together  readily.     If  finely  divided 

platinum  be  heated    in  vapour  of   phosphorus  it  bums  with 

revolution  of  light  to  form  platinum  diphosphidr,  PtP^,  which  is 

Va  bright  inetallic  lustrous  mass,  not  attacked  by  bydrochloric 

acid,  but  easily  dissolved  by  ammonia  (Sclirotter). 

■     Spongy  platinum  and  arsenic  uuite  witli  incandescence.     The 
"brittle  alloy,  I'tAs^,  loj^es  tlie  whole  of  its  arsenic  on  ignition. 
Platinum  also  forma  brittle  alloys  with  antimony,  bismuth,  and 
.vanadium. 


Deteciton  and  Estimation  of  Platinu,\i. 


B  632  If  a  platinum  compound  be  heated  on  a  carboaized  match 
iu  the  gas-flame  a  grey  spongy  mass  is  obtained  soluble 
only  in  aqua-regia.  Tlie  concentrated  solution  yields  with 
potassium  chloride  and  sal-ammoniac  the  well-known  and 
characteristic  precipitates.  Sulpliuretted  hydrogen  throws  down 
from  solutions  of  a  platinum  salt,  slowly  in  the  cold  but  more 
quickly  on  heating,  the  brown  disulphide  which  is  soluble  in  an 

I  excess  of  yellow  sulphide  of  auiuionium.  A  solution  of  tin 
dichloride  colours  platinum  chloride  solutions  dark-brown,  inas- 
much as  platinous  chloride  is  formed. 
In  the  generfil  separation  of  tlie  metals  platinum  and  gold  are 
obtaijied  together  witli  arsenic,  antimony,  and  tin.  Their  pre- 
sence is  indicated  by  the  brown  colour  of  the  precipitate  pro- 
duced, by  hydrochloric  acid  in  the  solution  in  sulphide  of 
ammonium.  In  this  case  the  precipitate  is  fused  with  carbonate 
of  soda  and  nitre,  the  fused  mass  lixiviated  with  water,  and  the 
residue,  which  may  contain  the  gold  and  platinum  together 
with  tin  dioxide  and  sodium  antimunate,  is  treated  with  zinc 
and  hydrocliloric  acid  when  the  latter  two  compounds  are 
reduced  to  metals.  The  mass  is  first  boiled  with  hydrochloric 
acid  to  remove  the  tin,  and  next  with  nitric  acid  and  a  little 
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tartaric  add  to  dissolve  the  antimony;  the  residue  ia  then 
treated  with  aqua-regia,  the  solution  concentrated  and  evaporated 
to  drj'ness  on  a  water-bath  with  an  excess  of  sal-ammoniac, 
and  alcohol  added  to  dissolve  the  gold  chloride.  From  the 
alcoholic  solution  the  gold  may  be  readily  precipitated  with 
ferrous  sulphate.  The  portion  insoluble  in  alcohol  may  contain 
ammonium  platiuic-cldohde,  and  this  on  ignition  will  leave  a 
residue  of  spongy  platinum- 

The  quantitative  estimation  of  platinum  always  takes  place  as 
metal,  obtained  by  ignition  of  ammonium  platinic-chloride,  or  by 
heating  potassium  platinic-chloride  in  a  current  of  hydrogen 
and  lixiviating  the  residue  with  water,  or  sometimes  also  by 
ignition  of  the  sulphide. 

The  atomic  \ccight  of  platinum  was  determined  by  Berzelius^ 
by  analysis  of  the  potassium  double  chloride ;  the  mean  number 
obtained  by  him  was  1967,  whereas  Andrews,-  who  employed 
the  same  method,  found  the  atomic  weight  to  be  1974. 


PALLADIUM,  Pd=io6a. 


633  In  April,  1803,  a  printed  notice'  came  into  the  hands  of 
Mr.  C'henevix,  to  the  effect  that  a  new  metal,  called  I'alladium,wa8 
to  be  sold  at  Mr.  Forater's,  of  Gerrard  Street,  Soho.  Chenevix,* 
believing  that  this  was  simply  a  fraud,  bought  the  whole  stock, 
and  after  investigating  the  question  he  came  to  the  conclusion 
that  the  substance  was  not  a  new  metal,  but  that  it  was  a  plati- 
num amalgam  of  peculiar  properties.  Soon  after  the  commimi- 
cation  of  ChenevLx's  paper  to  the  Eoyal  Society  (May  13, 1803.) 
an  advertisement  appeared  in  which  a  handsome  reward  was 
offered  to  any  one  who  should  prepare  even  a  grain  of  this  sub- 
stance, either  according  to  Chenevix's  plan,  or  by  any  other 


I 


I 
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»  Lchrbuch,  5te  Aiifi.  iii.  1212.  •  Chtm.  Oas.  1852.  379. 

'  "  Pullailiaui,  or  new  silver,  has  tliesc  projierties  amongst  others  that  show 
it  to  be  a  new  noble  metal  : — I.  It  dissolves)  iu  jiurs  sj>irit  ot  nitrr,  and  makn  a 
dark-red  aoltttion.  2.  Green  vitriol  throws  it  down  in  the  state  of  a  regulo* 
from  tbia  solution,  as  it  always  does  gold  from  aijnn-reKiii.  S.  If  you  evaponite 
the  solntion  yon  get  a  red  caIx  that  di»<olrrs  in  spirit  of  salt  or  other  acids. 
4.  It  is  thrown  do^vii  hy  quicksilver,  and  by  all  the  metals  but  i(old,  platinum, 
and  silver.  6.  Its  si>rcilic  gravity  by  hammering  was  only  11 '3  ;  but  by 
flattening  as  much  as  11 '8.  6.  In  a  common  tire  the  face  nf  it  taniishe*  a  little 
and  turns  blue,  but  eoinrs  bright  again,  like  other  noble  metals  on  beinj;  strongrr 
heated.  7.  The  greatest  bent  uf  a  blacksmith's  tire  would  hnnlly  melt  it ;  Sv  But, 
ir  von  touch  it  while  hot  nith  a  small  bit  of  sulphur,  it  ruus  as  tasily  aa  one" 

'♦  Phil.  Traiu.  1803,  290. 
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method.  Ko  one  succeeded  in  obtaininf;  the  reward,  although 
several  Germau  chemists  endeavoured  to  prepare  the  new  sub- 
stance. In  1804  Wollaatfin'  declared  tliat  he  was  the  discoverer 
of  palladium,  liuving  taken  this  name  frum  that  of  a  new  planet, 
Pallas,  discovered  by  Olbers  in  1802.  At  the  same  time  he 
described  tlie  process  which  he  adopted  in  order  to  obtain  the 
new  metal  from  platinum  ore. 
H  Palladium  occurs  in  a  tolerably  pure  state  with  Brazilian 
platinum  ore,  as  well  as  together  with  gold,  at  Tilkerode,  in 
the  Ifurz.  It  is  also  cont^iined  in  most  platinum  ores,  and 
is  found  in  many  places  in  South  America  alloyed  with  gold. 

In  order  to  separate  it  from  other  platinum  metals,  use  is 
made  of  the  fact  that  in  neutral  soliitions  mercuric  cyanide 
throws  down  an  insoluble  precipitate  of  palladium  dicyauide. 
Another  process  is  to  add  potassium  iodide  to  a  solution  of 
palladium  dichloride,  when  palladium  di-iodide  se]>arates  out 
as  a  black  insoluble  precipitate.  This  last  reaction  has  been 
employed  by  Bunseu,  to  prepare  pure  palladium  from  the  pla- 
tinum residues  from  the  St.  I'etersbuj-g  mint,  which  consist  of 
a  mi.xture  of  all  the  other  platinum  metals.- 

Pure  palladium  is  more  readily  jirepared  from  commercial 
palladium,  which  is  obtained,  together  witli  tht-  other  platinum 
metals,  in  the  manufactories  in  which  platinum  is  worked  up. 
Philipp*  and  Guyard*  have  described  methods  for  the  working 
of  the  platinum  metals  on  the  large  scale. 

In  order  to  purify  the  commercial  palladium  the  above  re- 
actions may  be  used,  or  else  ammonia  may  be  added  to  a  solu- 
tion as  nearly  free  as  possible  from  acid,  until  the  precipitate 
which  forms  re-dissolves.  Hydrochloric  acid  gas  is  then  passed 
into  the  solution,  when  yellow  palladioammouium  chloride  is 
thrown  down,  copper  and  iron  remaining  in  solution.  The 
washed  precipitate  leaves  after  ignition  a  residue  of  spongy 
palladium.  The  metal  is  obtained  in  the  same  condition  by 
the  ignition  of  the  cyanide.  Of  all  the  platinum  metals  palla- 
dium has  the  lowest  nielting-^Kvint,  fusing  about  as  readily  as 
MTOught-iron,  and  tlie  fused  metal  spits  like  silver  on  cooling. 
Palladium  has  a  colour  resembling  that  of  platinum,  and  a 
specitic  gravity  of  114  at  22  °5  (Deville  and  Debray).  At 
the  melting-point  of  iridi.im  in  the  oxyliydrogeu  flame  palla- 
lUum  begins  to  boil  violently,  undergoing  partial  oxidation,  and 


«  Phil.  Tram.  1804,  428  ;  1805,  816. 
*  IHiigl.  Polyt.  Joum.  ccxx.  95. 


'  Phil  Mag.  [4],  xxxvL  253. 
*  Cumpt.  Jlcnd.  Ivi.  1177. 
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emitting  green  vapours,  which  condense  to  a  brown  sublinjate 
consisting  of  a  mixture  of  oxide  and  metal. 

Palladium  is  dimorphous.  The  native  metal  occurs  in 
the  Brazils  in  the  form  of  sand  or  rounded  grains,  amongst 
■which  small  regular  octohedrons  are  sometimes  founiL  Xatire 
palladium  usually  contains  small  quantities  of  both  platinum 
and  iridium,  and  has  a  specific  gravity  varjing  from  11  3  to 
118.  The  palladium  found  in  the  Harz  occurs  in  small 
hexagonal  tables,  together  with  gold  and  lead  selenide,  and 
hence  this  latter  body  was  first  considered  to  be  palladium 
selenide.  Owing  to  the  diflference  of  crystalline  form  this  variety 
has  been  termed  by  Dana  *  Allopalladium. 

Wlien  palladium  is  heated  to  dark  redness  it  assumes  a 
violet  or  blue  colour,  but  at  higher  temperatures  it  regains 
its  metallic  lustre,  and  this  remains  even  when  the  metal 
is  quickly  cooled  by  plunging  into  water.  Palladium  ilissolveti 
readily  in  hot  nitric  acid,  especially  when  this  contains  nitrous 
acid,  or  when  the  metal  is  alloyed  with  either  copper  or  silver. 
Spongy  palladium  also  dissolves  in  hydrochloric  acid  in  contact 
vriih  the  air,  and  the  compact  metal  likewise  dissolves  in  this 
acid  if  chlorine  be  passed  into  the  liquid.  It  is  likewise 
attacked  by  boiling  concentrated  sulphuric  acid,  and  by  fased 
bisulphate  of  potash.  When  warm  palladium  foil  is  brought 
into  an  electrolytic  mixture  of  hydrogen  and  oxygen,  or  other 
explosive  gaseous  mixture,  combination  takes  place  without 
explosion  (Coquillon),^  and  when  the  metal  is  brought  into  the 
flame  of  alcohol  or  coal-gas  it  becomes  covered  with  a  thick 
film  of  soot.  When  palladium  sponge  is  placed  in  a  current  of 
ethylene  tliLs  gas  is  decomposed  with  separation  of  carbon,  and 
this  occurs  at  a  temperature  at  which  the  gas  alone  does  net 
undergo  any  alteration.' 

Palladium  has  not  been  employed  very  largely  in  the  arts. 
For  certain  special  purposes,  however,  it  is  usefid ;  thus  on 
account  of  its  imalterability  in  tlie  air,  and  owing  to  its  bright 
8ilver-whit«  colour,  it  has  been  employed  for  tlie  preparation  of 
graduated  surfaces  for  astronomical  instruments.  It  is  likewise 
used  for  coating  silver  goods,  as  palladium  does  not  lose  its  fine 
white  colour  on  exposure  to  sulphuretted  hydrogen,  and  hence 
it  has  also  been  much  employed  by  dentists  as  a  substitute  fq 
gold. 


I 

I 
I 


Ui-ntraiogy,  6  ed.  p.  12.  '  ComjA.  Bend.  Ixxrili.  jO». 

•  Wohler,  Liihiift  Ann.  cbcniv.  laS. 
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634  Pallodium  Hydride,  PdjHj.  This  conipouud,  discovered 
■  Grabaiii,^  has  been  already  described  in  Vol.  I.,  p.  105.  It 
formed  by  passing  hydrogen  over  metallic  palladium  lieated 
to  redness,  or  by  bringing  tlie  metal  into  contact  with  nascent 
hydrogen.  The  formation  of  this  compound  is  accompanied 
by  evolution  of  heat.*  It  possesses  all  the  properties  of  a 
metal ;  it  has  a  metallic  lustre,  is  tough,  conducts  electricity, 
and  is  distinctly  magnetic.  The  specific  gravity  of  palladium 
hydrogenide  is  11  06,  and  it  possesses  the  power  of  absorb- 
ing varj'ing  quantities  of  hydrogen.^  On  exposure  to  air 
this  compound  sometimes  becomes  healed  from  absorption  of 
oxygen  and  formation  of  water.  As  a  rule,  however,  it  does  not 
undergo  alteration  either  in  the  air  or  in  a  vacuum,  at  the  ordinary 
temperature,  although  it  gives  up  its  hydrogen  on  ignition.  The 
specific  gravity  of  palladium  hydride  is  less  tlian  that  of  the 
metal,  hence  an  expansion  of  the  metal  must  occur  in  the 
bnnation  of  the  compound.  Tliis  expansion  can  be  shown  in 
veral  ways.  One  of  the  most  striking  is  to  fix  two  palladium 
Vires  horizontally  through  the  edges  of  a  thin  electrolytic  trough 
with  parallel  glass  sides.  The  trough  is  then  filled  with  acidu- 
lated water,  placed  in  the  focus  of  the  oxj'hydrogen  or  electric 
ight,  and  the  image  of  the  wires  thrown  on  the  screen.  A 
rrent  of  electricity,  from  two  or  three  Grove's  elements,  is  now 
allowed  to  pass  through  the  cell,  when  a  singular  bending  of  the 
palladium  wire  from  which  the  hydrogen  is  evolved  is  noticed. 
If  tiie  current  be  reversed  this  wire  first  retunis  to  its  original 
lorizontal  position,  and  then  bends  to  the  opposite  side,  whilst 
;he  other  wire  is  deflected  in  the  former  direction.  The  expla- 
nation of  this  double  bending  being  that  first  one  side,  and  then 
the  other  side  of  the  wire  becomes  saturated  with,  or  loses  the 
hydrogen.* 

If  one  side  of  a  piece  of  palladium  foil  be  saturated  electro- 
tically  with  hydrogen,  then  taken  out  of  the  liquid,  washed 
nd  dried,  and  afterxN'ards  ignited,  it  becomes  so  bent  that  it  has 
almost  tlie  appearance  of  having  been  rolled  up  into  a  coiL 


»  PkU.  Mm.  [i],  Txxii.  616.  •  Favre,  Cmnptet  Rendus,  Irri.  214. 

•  Troost  »i»l  llautt-feuillp,  Cmn]jtct  Rfndiu.  Ixxriii  686, 
PoggenUoitr,   £cr.   Deutsch.  C'hem.  Get.  u.  74  ;  also  Dewur,  Phil.  ilag.  [t], 
Sni.  334. 
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Tlio  arrangement  stown   in  Fig.  172   is  tint  proposed  by 
"Wbliler '  for  exhibiting  the  dccompositiou  of  palladium  hydrida  | 
by  heat  and  the  reabsorption  of  the  hydrogen  on  cooling. 

The  U-tube  (a)  dipping  in  boiling-water  contains  tlie  spongy- J 
palladium,  over  •which  a  current  of  hytlrogea  is  passed  for  half 
an  hour  from  the  cylindricnl  generator  on  the  right  of  the  figtnu. 
The  water-bath  is  then  removed  and  the  tube  allowed  to  cool  iii| 


Fiu.  172. 

the  current  of  hydrogen.  The  stop-cock  (il)  is  now  shut, 
the  tube  («)  placed  in  communication  with  (he  tube  (^>).  TliisI 
latter  dips  in  the  cylinder  and  is  bent  up  at  the  lower  end  iutoj 
the  tube  ('•).  Tlio  tube  («)  is  next  heated  with  a  flame,  wlu-n  thej 
cylinder  soon  becomes  filled  with  hydrogen,  and  on  ullowingi 
the  spongy  metal  to  cool,  a  rapid  absorption  of  the  hydrogen! 
occurs.  The  e.xpeiiment  can,  of  course,  be  repeated  as  often  as 
is  requiied. 


PALLADIUM  AND  OXYGEN, 


635  Palladivvi  Hfrnioxidr,  V<^.p,  is  a  black  powder,  girin|;  ] 
rise,  on  ignition,  to  the  following  compound.  Wieii  ignited  to  dtiU 
reduess  iu  hydrogen  it  becomes  strongly  liented,  aqueous  vapour  I 

'  Ann.  Chan,  clxjsiv.  128. 
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being  evolved  with  almost  explosive  violence.  Acids  decom- 
pose it  into  the  metal  and  a  palladium  salt* 

Fallculitnn  Monoxide,  PdO,  is  formed  by  beating  the  nitrate 
or  other  palladium  salt  mixed  with  potassium  carbonate.  It  is 
an  amber-coloured  mass,  having  a  metallic  lustre,  and  yielding 

black  powder.      On  strong  ignition  it  yields  the  metal,  and 

reduced  by  hydrogen  at  the  ordinary  temperature  with  evo- 
lution of  light  and  heat.  If  a  palladious  salt  be  precipitated 
with  sodium  carbonate  a  dark-brown  hydroxide,  readily  soluble 
in  acids,  is  thrown  down,  whilst  the  anhydrous  o.vide  dissolves 
only  after  long  boiling. 

Falladium  Dioxide,  I'dOj,  is  obtained  as  a  black  powder  by 
boiling  palladioammouium  cldoride  with  caustic  soda.  On 
heating  this  is  converted  into  the  monoxide.  If  the  above 
double  salt  be  dissolved  in  cold  caustic  soda,  a  yellowish-brown 
hydroxide  separates  out,  on  standing,  in  the  form  of  a  gelatinous 
precipitate  readily  soluble  in  acids. 


PALLADIOUS  SALTS. 


B636  These  salts  possess  a  green,  red,  or  browa  colour,  and 
ve  an  astringent,  but  not  a  metallic  taste. 
Palladious  L'hlorith,  PdCL,  is  obtained  by  heating  palladious 
sulphide,  PdS,  in  ilry  chlorine,  when  it  is  obtained  partly  as  a 
rose-red  sublimate  and  partly  in  the  form  of  garnet-red  crystals, 
which  dissolve  slowly  but  completely  in  water.     It  is  prepared 
in  solution  by  the  simultaneous  action  of  chlorine  and  hydro- 
chloric acid  on  the  metal.     On  evaporation  over  caustic  bme 
brown-red  crystals  having  the  composition  PdCl2  4-2H20,  are 
deposited.     These  lose  water  wlien  gently  heated,  the  anhydrous 
chloride  remaining  as  a  brownish-black  mass  which  melts  easily 
without  decomposition.     At    a  red-heat   it    fuses    and    loses 
half  of  its  chlorine,  forming  the  monochloride,  PdjCl^,  which,  on 
cooling,  solidifies  to  a  reddish-brown  crj'stalline  mass  yielding  a 
ht-red  powder  which  is   very  deliquescent.     The   aqueous 
ilution  partially  decomposes  with  separation  of  metal. 
Palladious  chloride  forms  double  chlorides  with  other  chlo- 
ides;  thus: 
Potamum  PuUadiocMoride,  KjPdCl,,  is  obtained  by  dissolving 
e  metal  in  hydrochloric  acid  to  which  nitre  has  been  added,  or 
>  Kane,  Phil.  Tram.  1842,  i.  276. 
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by  evaporating  the  solution  of  the  metal  in  aqua-regia  until  the 
excess  of  acid  has  been  driven  off,  and  then  adiling  chloride  of 
jx)tassiura.  It  may  also  be  prepared  by  tlie  ignition  of  potassium 
palladic-chloride.  It  is  easily  soluble  in  wtiter,  less  so  in  alcohol, 
and  ciystallizes  in  four-sided  prisms,  which  when  viewed  in  the 
direction  of  the  primary  axis  have  a  red,  but  in  other  directions 
exhibit  a  light-green  colour. 

Avimonium  Palladiocldoride,  (NHJjPdCl^.  is  obtained  by 
evaporating  a  solution  of  the  chloride  with  sal-ammoniac. 
It  forms  either  bronze-yellow  prisms  exhibiting  a  play  of 
different  colours,  or  needles,  and  dissolves  in  water  ■with  a  dark- 
red  colour." 

Palladions  Iodide,  Pdlj,  is  obtained  by  precipitating  the 
chloride  with  potassium  iotlide  as  a  black  flocculent  precipitate 
which  when  dried  in  the  air  forms  a  deliquescent  mass  exhibit- 
ing a  conchoidal  fracture.  It  dissolves  slowly  in  hytlriodic 
acid  and  readily  in  a  solution  of  potassium  iodide,  imparting  to 
this  a  wine-red  colour.  When  Jieated  to  100°  it  begins  to  give 
off  iodiue  and  decomposes  completely  at  temperatures  between 
330°  and  360°.  The  solution  in  potassium  iodide  yields  on 
evaporation  blackish-green  deliquescent  cubes. 

Pa-lladious  Suli^hatc,  PdSO^  +  HoO,  is  obtained  by  dissalTing 
the  hydroxide  in  sulphuric  acid,  or  l>y  dissolving  the  metal  in 
the  same  solvent  with  the  addition  of  nitric  acid.  It  forms 
indistinct  olive-green  deliquescent  crystals  which  are  decom- 
posed by  water  with  formation  of  a  basic  salt,  PdSO^  +  7Pd(0H)j, 
as  a  brown  insoluble  powder. 

Sodium  Falladiosulphitc,  NaaPd(SOj)^  -f  2U.fi,  is  obtained 
as  a  whitfl  crystalline  precipitate  by  adding  caustio  8oda  to  a 
solution  of  the  cldoride  which  has  been  saturated  with  sulphur 
dioxide. 

Falltidioiis  Kiiratc,  "Pd^^O.^)^  is  formed  by  dissolving  the 
metal  or  the  oxide  in  nitric  acid.  It  crvslallizea  in  lon"^ 
brownish-yellow  rhombic  prisms  wliich  probably  contain 
water  of  crystallisation,  and  are  veiy  dclique.scent.  A  brown 
powder  of  Pd{X0a)3  +  ;5Pd  (OII)jj,  is  formed  on  tlie  addition  of 
water  to  the  solutioiu 

Potussium  PaUadionltrltc,  K.TM(X()„)^,  is  obtained  on  addition 
of  potassium  nitrite  to  a  hot  solution  of  potassium  palladio- 
chloride. 
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637  AUhoiif^h  tlic  dioxide  readily  dissolves  in  acids,  none  of 
its  simple  suits  are  known  in  the  pure  state,  these  readily 
changing  into  palladious  salts. 

Pulladk  Chloride,  PdCl^,  is  obtained  by  dissolving  ibo  metal 
in  conceutrated  aqua-regia.  The  brown  solution  doubtless 
contains  chloropalladic  acid,  HjPdCla,  corresponding  to  chloro- 
platinic  acid. 

I'otassiuvi  PaUudlchloridc,  K^PdClj,   is  obtained  by  adding 

tassium  chloride  to  a  solution  of  the  metal  in  an  excess  of 
miua-regia,  and  gently  evaporating.  It  is  also  prepared  by 
precipitating  a  solution  of  palladium  cldoride,  saturated  with 
chlorine,  with  an  excess  of  potassium  chlorida  It  forms 
cinnabar  rt'd  or  brownifih-red  octoliedrons  showing  the  faces  of 
the  cube.  These  dissolve  in  hot  dUute  hydrocldoric  acid  with- 
out deconiiKisition,  but  are  not  soluble  in  water  containing  the 
chlorides  of  the  alkali  metals,  or  in  alcohol. 

Ammnvinvi  Palladichloridc,  (^}I^J''1V\^,  is  a  bright-red 
crystalline  ]K)wder  consisting  of  microscopic  octohedrons.  It  is 
obtained  by  precipitating  a  solution  of  the  chloride,  saturated 
with  chlorum,  by  sal-ammoniac.  On  treating  tl)e  solution  with 
an  excess  of  ammonia  a  violent  evolution  of  nitrogen  takes 
place,  amnionium  palladiochloridu  being  formed : 

^       S(NHJ,rdCl.  +  2>-II.  =  SCXHJjPdCl,  -f  CUCl  +  Nj. 


AMMONIACAL   PALLADIUM   COMPOUNDS. 


638  These  have  been  chiefly  investigated  by  Hugo  JItlller,* 
and  are  formed  by  the  action  of  ammonia  on  palladious  salts.  Of 
these,  two  bases  exist  to  wJiich  he  gave  the  names  palladamine 
and  palladdiamina  These  are,  however,  now  known  respec- 
tively as  palladammonium  hydroxide,  and  paUaddiammonium 
hydroxide. 

Palladammonium  ffijdronde,  Pd(XH3)j(OH)2,  is  obtained 
by  the  decomposition  of  the  sulphate  with  baryta-water,  or  of 
the  chloride  with  oxide  of  silver  and  water.     The  yellow  Bolu- 

'  Antt,  Chem.  Pharm.  IxxxvL  3U. 
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tion  thus  obtained  wheo  dried  over  sulphuric  acid  yields  a  cn- 
stalline  ochre-yellow  mass.  Tlie  solution  has  a  strongly  aUcalinn 
reaction,  readily  absorbs  carbon  dioxide,  and  has  a  bitter  taste, 
producing  insensibility  on  that  portion  of  the  tongiie  wlxich  has 
been  in  contact  with  it.  It  ])iecipitate3  the  salts  of  copper  and 
silver  and  decomposes  ammonium  salts  on  boding. 

PaUadammonium  Chloride,  Pd(NHj)oClj,  is  obtained  by  the 
addition  of  an  excess  of  ammonia  to  palladious  chloride  ami 
either  evaporating,  or,  better,  precipitating  the  salt  by  means  uf 
hydrochloric  acid.  It  fonns  fine  yellow  needles  which  consist 
of  glistening  octohedrons  placed  one  upon  the  other,  and  it  is 
almost  insoluble  in  water. 

Palladammoniuvi  Sulphate,  Td(XH^^)^0^,  in  obtained  by 
decomposing  the  chloride  with  silver  sulphate.  It  is  tolerably 
soluble  in  water  and  crystallizes  in  small  orange-yellow  octo- 
hedrons. 

Pnlhulduimmwiium  Ilydroxiilr,  Pd(N  1X3)^(011)2,  is  obtained 
by  the  decomposition  of  the  sulphate  with  baryta  water.  It  is 
a  colourless  crystalline  mass,  the  aqueous  solution  of  which  has 
a  strong  alkaline  reaction,  precipitates  the  salts  of  copper,  iron, 
cobalt,  nickel,  and  alumiuium,  but  not  those  of  silver,  and 
decomposes  ammoniacal  salts. 

Palladdianimoniiim  Cfdoriilr,  Pd(NH3\Cl2,  is  formed  by  the 
repeated  evaporation  of  palladious  chloride  with  ammonia.  It 
crystallizes  in  large,  colourless,  four-sided,  monocliuic  prisms, 
and  is  ea-sily  soluble  in  water. 

Besides  these  there  arc  known  several  other  palladammoniuni 
salts  which  all  crystallize  welL 

Palladious  Cyanidf,  Pd(CN)j,  is  obtained  as  a  pale-yellow 
precipitate  on  addition  of  mercuric  cyanide  solution  to  a  solu- 
tion of  a  palladious  salt,  Mhich  must  contain  no  free  acid  and 
should  not  be  too  dilute.  On  solution  in  potassium  cyanide 
and  evaporation,  transparent  thin  rhombic  prisms  of  potasaiumi 
jmlladiocyanidc,  KjPd(CN)j  -|-  311,0,  or  small  tables  ofi 
KjPd{CN)^  4-  HjO  are  obtained.  The  cyanide  is  also  soluble 
in  acids  and  in  ammonia,  nud  the  latter  solution  y\e\i.s  palladon-  [ 
ammoniuvi  cyanide,  Pd(XH3).,(CN)2,  in  needles  or  in 
scales  possessing  a  pearly  lustre. 
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PALLADIUM   AND   SULPHUR. 


639  Pallfulivm  JTcmititlphitk,  PdjS,  is  obtained  by  fusinfj 
ammonium  iialludiochloride  with  carbonate  of  soda,  sulphur,  and 
sal-amniouiac.  A  green  molten  mass  is  thus  obtained  which 
crystallizi^s  on  cooling  and  exhibits  a  metallic  fracture.  It  is 
only  slowly  attacked  by  aqiui-regia. 

Palladium  Monosnijiliiilr,  Pd.S,  is  formed  with  incandescence 
by  heating  the  metal  in  t!ie  vapour  of  sulphur.  It  is  a  bluish- 
white  hard  metallic  lustrous  mass  with  a  laminated  fracture, 
which  only  oxidizes  slowly  in  the  air.  It  is  also  obtained  as  a 
black  precipitate  by  passing  sulphuretted  hydrogen  through  a 
solution  of  a  palladious  salt. 

PnUadium  Disnlitli idc,  PdSj.  When  the  foregoing  compound  is 
fused  with  carbonate  of  80<la  and  suljihur,  sodium,  thioprdh(dntc, 
Na^rdSj,  is  formed.  This  crystallizes  in  reddish-brown 
needles,  having  a  slightly  metallic  lustre.  It  is  decomposed 
by  hydrochloric  acid  with  formation  of  the  disulphide,  which  is 
a  cr}'staUine  dark-brown  powder  easily  soluble  in  aqua-regia. 
When  heated  in  carbon  dioxide  it  is  iirsfc  converted  into  the  mono- 
sulphide,  and  at  a  higher  temperature  into  the  hemisulphide. 
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Detection  and  Estimation  or  Palladium. 


640  The  two  most  characteristic  reactions  of  palladium  are  (1) 
the  precipitation  of  its  hydrochloric  acid  solution  by  cyanide 
of  potassium,  the  yollowish-white  cyanide  of  luilladium  being 
thrown  down,  soluble  in  both  hydmchloric  acid  and  ammonia  ; 
and  (2)  the  production  of  a  black  precipitate  of  palladious 
iodide,  insoluble  in  hydrochloric  acid,  when  potassium  iodide  is 
added  to  a  palladium  solution.  By  these  reactions  it  may  be 
separated  from  all  metals,  with  the  exception  of  copper,  and 
this  may  be  previously  removed,  according  to  Wohler,  by  pre- 
cipitation as  cuprous  thiocyanate  after  saturation  with  sulphur 
dioxide. 

Palladium  is  determined  (jii"ntHativeli/  as  the  metal,  usually 
^^obtained  by  the  ignition  of  tlie  cyanide. 

^B    The  atomic  weight  of  palladium  was  determined  by  Berzelius 
Hby  the  analysis  of  potassium  pnlladiochloride,  KjPdCl^. 

^K  ■  Pofjg.  Ann,  xiii.  43.5. 

fa 
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RHODIUM.     Rh  =  i04i. 


641  "SMieii  Wollaston '  in  1S04  first  acknowledged  that  lie  vr;is 
the  discoverer  of  palladium,  Le  likewise  intimated  that  be  kul 
found  another  new  metal  in  platinum  ore,  to  which  he  gave  the 
name  of  rhodium,  because  the  solutions  of  this  salt  possess  a 
rose-red  colour  (p68ov,  a  rose).  After  WoUaston's  time  the  metal 
and  its  compounds  were  investigated  by  Berzelius  and  Claus.  la 
addition  to  its  occurrence  in  platinum  ore,  rhodium  has  be.en 
found,  according  to  l)ol  Kio,  alloyed  with  gold  as  rhodium-gold. 

In  order  to  prepare  rhodium,  the  solution  is  emploj'ed  from 
which  ammonium  piatinic-chloride  has  been  precipitated.     'l*hc 
metals  still  in  solution  are  then  precipitated  by  metallic  iron, 
and,  according  to  the  process  of  Deville  and  Debray,  the  metallic 
precipitate  is  fused  with  one  part  of  lead  and  two  parts  of  ■ 
litharge.      A  regulus  is  thus  obtained,  from  which   the  lead,  I 
copper,  and  palladium  may  he  dissolved  out  by  the  action  of 
dilute  nitric  acid.     Tlie  insoluble  metallic  powder  is  then  well 
mi.\ed  with  five  parts  of  barium  dioxide  and  heated  to  redness 
for  two  hours,  the  solid  mass  being  li.\i\-iated  with  wat«r,  and 
the  residue  boiled  with  aqua-regia  in  order  to  volatilize  tho 
osmium  tetroxide,  this  latter  being  condensed.     Tlie  excess  of 
barium  is  precipitated  from  the  solution  by  sulphuric  aciil.   Tlie 
filtrate  evaporated  at  lOO"  with  an  excess  of  sal-ammoniac,  and  the 
residue  washed  with  sal-ammoniac  solution  as  long  as  the  wash- 
water  has  a  rose-red  colour.    The  filtrate  is  then  evaporated  with 
an  excess  of  nitric  acid  in  order  to  decompose  the  sal-ammoniac 
and  the  residual  mass  heated  to  redness  with  from  three  to  four 
parts  of  sulphur.     It  is  then  rapidly  boiled  out  with  aqua-regia 
and  sulphuric  acid,  and  by  this  treatment  nearly  pure  rhodium 
remains  behind.     In  order  further  to  purify  tliis,  it  is  fused  with 
from  three  to  four  parts  of  zinc,  and  the  alloy  treated  with  strong  ■ 
hydrochloric  acid,  when  the  compound  liliZuj  remains  behind.  ■ 
This  is  dissolved  in  aqua-regia  and  evaporated  with  an  excess 
of  ammonia.      Khodammonium  chloride,  Rho(NH;,)j„Clj,,  sepa- 
rates out,  and  this  is  then  purified  by  recrj'stallization,  and 
ignited  in  a  carbon  crucible  with  some  sulphur,  and  lastly,  in 
order  to  remove  from  it  the  last  traces  of  silicon  and  osmium,, 
fused  in  the  oxyhydrogen  furnace. 

1  Phil.  Trani.  1804,  419. 
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Another  method  of  preparing  the  pure  metal  ia  that  described 
l»y  Bunsen,*  for  the  particulars  of  which  his  memoir  on  the 
Eubject  must  be  consulted,  lie  obtained  from  one  kilogram  of 
the  platinum  residues  from  the  St.  Petersburg  mint  33'2  grams 
of  pure  rhodium  sodium  sulphate,  XajIlhj(SOJj. 

ProjKrties.     Ehodium    possesses    the   colour    and    lustre    of 
^iilumimum  and  has  a  specific  gravity  of  12-1.  It  fuses  with  greater 
^■ifficultj  than  platinum,  and  spits  on  cooling,  the  surface  hecom- 
^ing  coloured  blue  from  oxidation.     When  a  solution  of  one  of  its 
salts  is  heated  with  sodium  formate,  the  metal  is  precipitated  in 
the  form  of  a  fine  black  powder,  possessing  the  property  of  decom- 
posing formic  acid,  CII„0,,  with  evolution  of  heat,  into  hydrogen 
and  carbon  dioxide.     After  a  time  the  action  becomes  weaker, 
hut  the  powder  then  simply  requires  to  be  washed  with  water 
and  dried  in  the  air  to  enable  it  to  regain  its  original  activity. 
At  a  somewhat  liigher  temperature,  and  in  presence  of  caustic 
potash,  it  also   decomposes  alcohol,  C,HjO,  with  evolution  of 
hydrogen  and  formation  of  potassium  acetate,  CjUjOjK.    It  does 
^^not  lose  this  power  at  a  temperature  at  wliich  glass  begins  to 
^boften  (Devilie  and  Debray).     Pure  rhodium,  ns  well  as  that 
^^vliich  contains  gold  and  platinum,  is  almost  insoluble  in  acids. 
If,  however,  it  be  alloyed  with  bismuth,  zinc,  lead,  or  copper,  it 
^Hissolves  in  aqua-regia.    Alloys  of  much  platinum  and  little 
^^hodium  dissolve  also  in  aqua-regia,  but  if  the  rhodiimi  bo 
present  in  larger  quantity  much  remains  undissolved.     Ehodium 
can,  however,  be  brought  into  solution  by  repeated  ignition 
with  fused  bisulpliato  of  potash,   as   well   as  with  phosphoric 
acid  or  acid  phosphates.     Of  all  the  platinum  metals  rhodium 
is  the  most  easily  attacked  by  chlorine. 


RHODIUM  AND  OXYGEN. 


642  Ehodium  forms  three  oxides,  having  the  formula!  EliO, 
Eh.,03.  and  EhOj. 

Jihodium  Monoxide,  EhO,  is  obtained  by  heating  the  si-sqtii- 
hydro-xide,  Ehj(OH)y  or  by  the  cupellation  of  an  alloy  of 
rhodium  and  lead.  It  is  a  grey  powder  with  metallic  appear- 
ance, which  is  not  attacked  by  acids,  and  when  heated  in 
hydrogen  it  is  reduced  with  evolution  of  light. 

Bhodiuvi  Sesqiiiacide,  Kh.jOj,  is  obtained  as  a  grey  iridescent 
*  Fhil.  Mag.  [ij,  xxxvi.  253. 
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spongy  mass  by  heating  the  nitrate.  It  is  also  fomied  as  a 
crystalline  mass  when  sodium  rhodiochloride  is  heated  in 
oxygen.    It  is  perfectly  insoluble  in  acids. 

medium  Si-s(pt.iliydroxide,  Ehj(OH)g,  is  a  black  gelatinous 
precipitate,  obtained  by  heating  a  solution  of  sodium  rhodio- 
chloride with  caustic  potash.  On  drying  it  forms  a  heavy  dark- 
brown  metallic  lustrous  mass  having  a  conchoidal  fracture.  It 
is  scarcely  attacked  by  acids,  hydrochloric  acid  dissoh-ing  it 
but  very  sh'ghtly. 

If  a  solution  of  the  sodium  double  salt  be  treated  with  an 
excess  of  potash  in  the  cold  it  becomes  o]>aque,  and  on  long 
standing  deposits  thin  lemon-yellow  crj-stals  of  the  hydrate 
Ilhj(OH)g  +  2H.jO,  which  dissolve  readily  in  acids,  and,  T^hen 
moist,  in  caustic  potash. 

Rhodium  Dioxuk,  RhO„,  is  obtained  by  repeated  fusion  of  the 
metal  with  caiistic  potash  and  saltpetre.  The  sesquioxide  is 
first  formed,  and  this  undergoes  further  oxidation.  It  closely 
resembles  the  sesquioxide ;  it  is  attacked  neither  by  alkalis 
nor  by  acids,  and  is  reduced  by  hydrogen  only  at  a  higli 
tempemture. 

Rhodium  Tftrnlujdroxvde,  EhfOH)^.  When  chlorine  is  passed 
into  the  alkaline  solution  of  the  sesquihydroxide  for  a  long 
time  and  caustic  potash  occasionally  added,  this  compound 
separates  out  as  a  green  powder,  the  liqiiid  becoming  of  a 
blue  or  violet  tint.  The  green  powder  dissolves  in  hydro- 
chloric acid,  yielding  a  blue  solution,  and  this  colour  gradually 
changes  to  dark-red,  chlorine  being  evolved.  Tl>e  violet-blue 
solution  probably  contains  the  potassium  salt  of  a  rhodic  acid, 
which  latter  separates  out  after  some  time  as  a  blue  powder,  gas 
being  simultaneously  evolved.  On  diyiug,  it  is  converted  lata 
the  tetrahydro.x.ide. 
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643  The  rhodium  salts  are  derived  from  the  sesquioxide.  Thoy 
possess  either  a  dark-red  or  a  yellow  colour,  and  have  a  bitter 
but  not  astringent  taste. 

Rhodium  Cidoride,  RhjCl^  is  obtained  by  the  continued  igni- 
tion of  the  finely-divided  metal  in  chlorine,  and  also  by  heating 
one  of  the  alkaline  double  salts  with  sulphuric  acid,  and  pouring 
the  cooled  mixture  into  water  j  a  rose-red  powder  of  insolubla 
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rhodium  chloride  remains  behind.  When  the  yellow  hydroxide 
is  dissolved  in  hydrochloric  acid,  a  yellow  solution  is  obtained 
jMissessing  an  astringent  taste.  On  evaporation  this  becomes 
rose-red,  and  then  possesses  the  peculiar  bitter  taste  character- 
istic of  all  rhodium  salts.  A  dark-red  amorphous  mass  of.  the 
bydrated  chloride  is  obtained  when  this  solution  is  evaporated. 
It  is  then  deliquescent,  and  on  heating  yields  the  insoluble 
anhydrous  chloride. 

Potassium  Rlwdiochloride,  K^EhjCljo  -f-  2HjO,  is  obtained  by 
beating  a  mixture  of  rhodium  and  potassium  cliloride  in  a 
current  of  chlorine,  or  by  the  addition  of  potassium  chloride  to 
a  solution  of  rhodium  chloride.  It  forms  dark-red  four-sided 
rather  difficultly  soluble  prisms.  If  the  yellow  hydroxide  be 
dissolved  in  hydrochkiric  acid,  and  a  concentrated  solution  of 
potassium  cbloiide  added,  the  lit^uid  being  then  iillowed  to 
evaporate  spontaneously,   dark-red  glistening  tricliuic   prisms 


are  obtained  of  KaRhjClij  +  CHjO.     These  are  very  difficultly 
soluble,  and  the  solution  has  a  cinnabar-red  colour,  with  a  tinge 
f  violet. 

Sodium  Ehodiochloridc,  NagEhjCl^  +  24II2O,  is  obtained 
ike  the  last  mentioned  of  the  potassium  salts,  and  crystallizes 
in  large  cherry-red-coloured  triclinic  pi-isms,  having  an  almost 
black  lustre.  Tiie  crystals  gradually  effloresce  on  exposure  to 
moist  air,  yielding  a  peach-blossom-coloured  powder.  A  salt 
ontaining  four  atoms  of  sodium  lias  not  yet  been  obtained. 
Amvionium,  Jihodiochloride,  (NII^)„ItlijCli2  +  3HjO,  is  formed 
Vhen  solutions  of  rhodium  chloride  and  sal-ammoniac  are 
owed  to  evaporate  spontaneously  in  a  warm  situation.  It 
.osely  resembles  the  sodium  salt  When  its  solution  is  boiled 
Ight-red  prisms  or  tables  separate  out,  having  the  composition 
(NHJ^KhjClio  +  2H2O.  These  are  less  soluble  in  water  than 
the  original  salt. 

JRhodium  Siil2)ha(e,  Rhj(.-^OJg -^  12HjO,  is  obtained  by  dis- 
solving the  yellow  hydroxide  in  sulphuric  acid,  evaporating,  and 
washing  away  the  excess  of  acid  by  alcohol  It  is  a  yellow 
irystalline  mass  which  possesses  a  sour  astringent  taste.  It 
torms  double  salts  with  the  salts  of  the  alkalis,  such  as 
K«Rh,(SO,)e.  &c. 

Rlwdium   Sulphite,   Pihj(SOs)s  +  <»HjO,  is  obtained  by  dis- 
sohnng  the  yellow  hydroxide  in    sulphurous  acid  and  evapo- 
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It  forms  a  pale-yellow  indistinctly  crystalline  mass. 
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Shodium  Nitrate  does  not  crystallize,  and,  like  the  chloride, 
exists  in  both  a  red  and  a  jellow  modification. 

Potassium  JihodioniirUe,  K^T\.h.J^1^0.2\f  This  is  obtained, 
by  heating  a  solution  of  the  chloride  with  potassium  nitrite,  as 
a  reddish-yellow,  heavy,  slightly  soluble,  crystalline  powder, 
which  dissolves  readily  in  hydrochloric  acid. 

Sodium  Rhodionitritc,  N8gRhj{N0j),3,  is  prepared  in  a  similai 
way.  It  is  a  light-yellow  powder,  consisting  of  microscopic 
octohedions,  and  is  only  slowly  decomposed  on  wanning  with 
concentrated  hydrochloric  acid. 


AMMONIACAL   RHODIUM   COMPOUNDS. 

644  These  compounds,  first  described  by  Clans  in  1854,  cor- 
respond to  the  ammoniacal  compounds  of  iridium. 

Wiodammmiiitm  Eydromh,  Eh2(NH,^„(0H)u,  is  obtained  by 
wanning  rhodammonium  chloride  with  water  and  silver  o.xide, 
and  evaporating  the  solution.  It  forms  a  yellowish  crystalline 
mass  which  possesses  a  strongly  alkaline  reaction. 

Rkodammonium  Chloride,  'Rh.,(i^B.^■^ff:,\,  is  prepared  by  eva- 
porating a  dilute  solution  of  ammonium  rbodiochloride  with 
excess  of  Rmmonia.  It  forms  small  yellow  slightly  soluble 
prisms,  whicli  dissolve  in  caustic  potash  with  ev'olution  of 
ammonia. 

Bhodnmmonium  Sulphate,  Eho(NH3),„(S0^),,  is  deposited  in 
large  yellowish  prisms  when  the  base  is  saturated  •with  sulphuric 
acid. 

Jthodnmmonium  Nitrate,  'Rh.2(T^rH3)^g(NO^)„,  forms  colourless 
crystals,  and  has  a  faint  saline  t^iste. 

Bhodammonium  Carhonate,  "Rh^^KSi^^^tfiO^^  -(-  3HjO,  is  a 
white  saline  mass  unalterable  in  the  air  and  possessing  a  saline 
taste  and  alkaline  reaction.  It  is  formed  when  rhodammoniura 
hydroxide  is  exposed  to  an  atmosphere  of  carbon  dioxide. 

Potassium  Rhodiq/anide,  KgRh2(CjNg)4,  Ls  obtained  in  a 
similar  way  to  the  corresponding  iridium  salt  (see  p,  447). 
which  it  closely  resembles,  but  may  be  distinguished  from  it 
inasmuch  a.%  acetic  acid  produces  a  pale  crinison-rcd  preci- 
pitate of  rhodium  cyanide,  Eh2(CN),,  which  dissolves  in  the 
cyanides  of  the  alkali-metals,  forming  the  rhodicyanides 
(Martius). 
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DETECTION  AND  ESTIMATION  OF  RHODIUM. 
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RHODIUM  AND  SULPHUR. 


Khodium  Monomlphidf.,  RhS.  When  rliodiura  is  heated  in 
sulphur  vapour  it  takes  fire  with  furmatioa  of  the  sulphide, 
which  is  also  produced  when  sulphuretted  hydrogen  is  passed 
through  a  solution  of  a  rhodium  salt,  and  the  washed  precipi- 
tiite  dried  by  ignition  in  a  current  of  carbon  dioxide,  Tlius 
obtained,  it  forms  a  bluish-white  fused  mass  having  a  metallic 
lustre,  which,  when  heated  in  the  air,  leaves  a  residue  of  spongy 
rhodium. 

The  sulphides  of  the  alkali-metals  give  a  brown  precipitate 
with  rhodium  salts,  which  is  soluble  in  potassium  sulphide,  and 
probably  consists  of  RhjSj. 

DETECnON  AND   ESTBIATION   OF   EHODIUM. 

645  Solutions  of  this  metal  are  precipitated  by  sulphuretted 
hydrogen,  slowly  in  the  cold,  but  more  quickly  when  warmed. 
The  brown  suljihide  is  insoluble  in  ammonium  sulphide.  When 
a  rhodium  compound  is  heated  in  hydrogen  the  metal  is  ob- 
tained ;  this  is  insoluble  in  aqua-regia,  but  can  be  obtained  in 
solution  when  it  is  fused  with  acid  potassium  sulphate ;  the 
fused  mass  on  treatment  witli  water  yields  a  red  solution.  From 
this  the  metal  is  precipitated  as  a  black  powder  on  addition  of 
caustic  potash  and  alcohol.  It  is  also  precipitated  from  acid 
solution  by  zinc  and  other  metals. 

Khodium  is  determined  quantitatively  as  the  metal. 

The  atomic  weight  of  rhodium  has  been  determined  by 
Berzelius'  and  Claua.* 


IRIDIUM.  Ir.  =  1937. 


^^  646  In  1803  Smithson  Tennant  investigated  the  metallic  re- 
sidue which  remains  when  platinum  ores  are  dissolved,  and  this 
he  believed  to  contain  a  new  metal.  At  the  same  time  Descotils, 
as  well  as  Fourcroy  and  Vauquelin,  examined  the  same  subject, 
and  also  came  to  the  conclusion  that  the  solution  contained  a 


•  Pogg.  Ann.  xiii.  43.'). 

»  N.  POerab.  Akad.  Unit.  ii.  1S8. 
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peculiar  inetaL  However,  in  1804  Tennant'  proved  that  tlie 
platinum  residues  contained  two  new  metals,  to  one  of  which  hu 
gave  the  name  of  iridium,  on  account  of  the  varying  colour  of 
its  salts,  and  to  the  other  the  name  osmium  {oafi.'q,  a  smell), 
because  of  the  peculiar  odour  which  its  volatile  oxide  possesses. 
Iridium  is  found  in  the  platinum  ores  in  considerable  quantity 
in  the  form  of  the  alloys  piatiniridium  and  osmiridium.  The 
first  of  these  occurs  in  grains,  and  often  in  small  cubes  with 
rounded  edges ;  the  second  usually  in  flat,  irregular  grains,  and 
occasionally  in  hexagonal  prisms.  The  composition  of  these 
minerals  is  shown  in  the  following  analyses : 


PLATlKlRIDniM. 
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647  Many  methods  have  been  published  for  the  separation  of 
iridium  from  the  other  metals,  and  for  the  preparation  of  its 
salts  in  the  pure  state.  A  very  ready  process  for  obtaining 
pure  iridium  has  recently  been  described  by  G.  ilatthey.' 

The  problem  of  the  preparation  of  large  quantities  of  pure 
iridium  is  one  which   has   recently  engaged   the   attention  of 
chemists  on  account  of  its  employment  in  the  preparation  of  the 
standard  meter-measures  which  were  ordered  to  be  prepared  by  fl 
the  Parisian  Commission  for  the  International  ^letrical  System. 
This   alloy,   consisting   of  1   2)art  of    pure   iridiuni   and   9  of 
platinum,  is  extremely  hard,  as  elastic  as  steel,  more  ditficultlyB 
fusible   than  platinum,  perfectly   unalterable    in    the  air,  and™ 
capable  of  taking  an  exceedingly  beautiful  polisk 

>  Pha,  Tram.  1804,  411.  '  Pnc.  Boy.  Soe.  1879. 
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About  the  year  1870  Messrs.  Johnson,  Matthey  &  Co. 
prepared  a  standard-metal  bar  of  the  platinum-iridium  alloy, 
and  sent  it  to  Paris,  where  it  was  subjected  to  every  possible  test 
which  could  be  suggested  in  competition  with  the  other  mate- 
rials which  had  been  proposed  or  had  at  that  time  been  adopted 
for  staudai-d  measures.  After  two  years'  trial  this  alloy  was 
pronounced  to  be  tlie  best,  and  wlien,  in  1872,  the  International 
Commission  was  formed,  the  employment  of  this  alloy  was 
decided  upon,  and  the  above-named  tirm  undertook  to  prepare 
in  six  months  all  the  rules  aud  weights  required  by  the  Com- 
mission (about  fifty  of  ea<.-.h),  of  full  purity  and  density.  The 
French  section  of  the  Commission,  to  whom  the  manufacture  of 
the  rules  was  intrusted,  decided  tliafc  the  requisite  quantity  of 
pure  platinum  and  of  unrefined  iridium  should  be  purchased 
from  the  above  iirm  of  English  metallurgists.  Accorilingly  it 
was  supplied  witli  iridium  containing  about  95  per  cent,  of 
the  pure  metal  This  was  refined  in  France  under  the  super- 
intendence of  the  Commission  by  Messrs.  Deville  and  Debray, 
who  carriud  it  out  in  the  following  way.  After  ignition  with 
barium  nitrate,  and  treatment  of  the  mass  with  water,  tlio 
residue  was  found  to  consist  of  iriilium  oxide  and  barium  osmate. 
This  was  boiled  with  nitric  acid  in  order  to  remove  the 
osmium,  which  volatilised  as  the  tetroxide.  The  iridium  oxide 
was  precipitated  from  the  residual  solution  by  baryta,  dissolved 
in  aqua-regia,  and  then  thrown  down  as  the  double  chloride  of 
iridium  and  ammonium.  This,  on  ignition,  yielded  spongy 
iridium,  containing  small  quantities  of  platinum,  ruthenium, 
and  a  little  rhodium.  The  metal  was  then  ignited  with  potas- 
sium nitrate,  and  the  mass  treated  with  water,  when  potassium 
ruthenate  dissolved.  It  was  lastly  fused  with  lead,  the  regulus 
obtained  leaving,  after  treatment  with  nitric  acid  and  aqua-regia, 
a  residue  of  pure  iridium. 

To  ensure  homogeneity  in  all  the  standards  it  was  considered 
desirable  that  the  whole  of  the  prepared  iridium  and  platinum 
(250  kilos.  =  4  cwt.  3  qrs.  19  lbs.  English  weight)  should  be 
ultimately  melted  at  one  fusion,  and  this  operation  was,  at 
the  request  of  the  members  of  the  International  Commission, 
organised  and  carried  out  under  the  personal  superintendence 
of  Mr.  George  Matthey,  whose  firm  lent  the  requisite  fusing 
appliances,  the  general  arrangements  for  it  being  undertaken 
aud  carried  oat  by  AL  Tresca  at  the  Conservatoire  des  Arts  et 


Metiers.  The  alloy  was  first  melted  into  small  lumps  weighinj; 
from  ten  to  fifteen  kilos.,  and  subsequently  the  whole  of  the 
pieces  so  prepared  were  fused  together  in  one  large  ingot  or 
pig.  For  this  purpose  seven  melting  apparatus  were  required, 
and  in  aliout  one  and  a  half  hours  the  whole  mass  was  fused 
by  employing  about  thirty-one  cubic  meters  of  oxygen  aud 
twenty-four  cubic  meters  of  coal  gas.* 

On  examiuatiuu  it  was,  however,  fouud  that  the  metal  thus 
obtained  was  not  of  the  proper  density,  and  analysis  proved 
that  it  was  impure.  The  platinum  supplied  was  shown  to  be 
pure,  aud  the  iridium  had  been  properly  refined  by  MM.  Deville 
and  Debray.  But  it  is  supposed  that  by  a  mistake  some 
ruthenium  residues  had  been  unfortimately  mixed  with  the 
iridium,  and  thus  caused  the  mischief  M.  Devdle  and  some 
other  membei-s  of  the  Commission  proposed  that  the  refining 
processes  should  be  repeated,  but  their  advice  was  overruled, 
and  M.  Deville  retired  from  the  Commission.  The  Commis- 
sion then  decided  that  the  form  of  the  rule  should  be  that  shown 
in  section  in  Fig.  173,  aud  that  it  should  be  made  by  drawing 
the  metal  Messrs.  Johnson,  Matthey,  and  Co.,  on  the  other 
hand,  suggested  that  tlie  form  of  the  rule  should  be  that  shown  in 
section  in  Fig.  174,  and  urged  that,  under  any  circumstances,  the 
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Fig.  174. 


metal  should  not  be  drawn  through  plates,  but  planrd  into  shape, 
inasnmch  as  it  is  only  in  this  way  that  mathematical  accuracy 
of  shape  and  complete  uniformity  of  molecular  conilition  can  be 
attained.  Tlie  result  of  the  undertaking  appears  to  be  that  after 
five  years  of  labour  and  expense  not  a  single  rule  has  been  pro- 
duced in  France  which  can  be  regarded  as  perfect  either  in 
conipo.sition  or  in  form.  Some  standard  rides  have,  however,  Iwen 
lately  ordered  from  the  London  firm  al)ove  referred  to,  by  the 
French  Minister  of  Agriculture  and  Commerce,  and  by  the 
French  Minister  of  War,  some  of  which  already  furnished  liave 
>  Compt.  Rendus,  bcxriii.  1602. 
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en  acknowledged  as  perfect  in  composition,  manufacture,  and 

(physical  properties.    The  alloy  on  analysis  gave  the  following 
Ksult : 


Pt. 

89-41 


It. 

1017 


Rh. 

017 


Rii. 

0-10 


Fp. 
0U6 


Aft€r  osmium  and  nxthenium,  indium  is  the  most  difficultly 
fusible  of  the  platinum  metals.  It  possesses  a  white  lustre, 
resembling  that  of  polished  steel.  In  the  cold  it  is  very  brittle, 
but  at  a  wliite-heat  it  is  somewhat  malleable.  It  has  a  specific 
gravity  of  22 '38,  and  is  slightly  volatile.  If  the  alcohoUc 
solution  of  the  sulphate  be  e.xposed  to  the  sunlight  the  metal  is 
deposited  as  an  e.vtreniely  fine  impalpable  black  powder,  which, 
when  washed  with  hot-water  and  dried,  acts  even  more  ener- 
getically in  bringing  about  the  combination  of  combustible  gases 
than  does  platinum  black.  The  smallest  trace  brought  on  to 
paper  saturated  with  alcohol  produces  ignition,  the  metal  at  the 
same  time  being  converted  into  a  grey  sponge.  Spongy  iridium 
is  prepared  by  igniting  tlie  double  cldoride  of  iridium  and 
ammonium.  This  oxidises  in  the  air,  and  when  ignited  becomes 
dense  and  lustrous,  and  then  absorbs  oxygen  only  slowly,  whilst 
the  coherent  metal  does  not  do  so  at  all.  Iridium  black,  as  well 
as  the  coherent  metal,  when  alloyed  with  much  platinum,  dis- 
solves in  aqua-regia.  Pure  massive  iridium  is,  however,  not 
attacked.  When  it  is  heated  with  acid  potassium  sulphate,  or 
iu  presence  of  fused  alkalis,  it  is  oxidized,  and  it  unites  directly 
witli  chlorine  at  a  dull  red-heat.  When  the  metal  is  held  in  the 
middle  of  a  flame  of  alcohol  it  becomes  covered  with  a  black 
moss-hke  deposit,  which  has  the  composition  IrC^,  and  easily 
t«kes  fire  on  exposure  to  the  air.  The  metal  is  in  this  cajse 
penetrated  tliroughout  its  mass  with  carbon,  and  becomes  of  a 
dark  grey  colour.  The  oxides  are  also  converted  into  the 
carbide  of  iridium,  with  evolutinn  of  light  and  heat,  when  they 
are  heated  in  gases  or  vapoura  containing  carbon. 
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648  Iridium  Srsquioxidc,  IrjO^,  is  formed  by  the  ignition  in  air 
or  in  oxygen  of  the  finely  divided  metal.  A  singular  property  of 
Uiis  oxide  is  that  it  begins  to  decompose  again  when  heated 
above   800°,  and  at  temperatiires  somewhat  above  1000°  it  is 
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completely  resolved   into  oxygen  and  the  metaL     Hence  the       . 
metal  is  quite  unalterable  at  any  higher  temperature.  M 

Messrs.  Deville  and  Debray '  have  lately  investigated  tliis  n 
subject,  observing  the  dissociation  into  metal  and  oxygen  which 
the  oxide  undergoes  when  heated  in  a  porcelain  tub&  At  a 
temperature  of  1139°  the  oxide  rapidly  gives  off  oxygen,  and 
metallic  iridium  remains  behind  in  the  tube.  The  tension  of 
dissociation,  that  is,  the  tension  of  the  liberated  gas,  at  the 
several  temperatures  was  found  to  be  as  follows  : 

T"  Tension. 

823° 5  mm. 

1003° 203     „ 

1112° 711     „ 

1139° 745    .. 

The  oxide  is  also  formed  when  potassium  iridichloride  is 
mixed  with  carbonate  of  soda  and  heated  to  dull  redness : 

2KjIrCle  +  4NajC03  =  Ir^j,  +  8NaCl  +  4KC1  +  4C0j  4-  O. 

The  fused  mass  is  waslieil  with  water  containing  sal-ammoniac 
and  the  residue,  after  ignition  to  expel  the  sal-ammoniac,  is  treated 
with  dilute  acid  in  order  to  remove  the  small  quantity  of  alkali. 
A  bluish-black  powder  is  thus  obtained  which  decomposes  into 
the  metal  and  oxygen  when  heated  to  the  fusing  point  of  silver. 
In  the  pure  state  it  imparts  to  porcelain  after  tiring  a  fine 
black  colour,  and  when  mixed  with  zinc  oxide  it  yields  a 
grey  tint. 

Iridmm  Scsqidhydroxi^,  IrjCOH)^,  is  obtained  by  a  process 
similar  to  tliat  employed  for  the  preparation  of  the  corresponding 
rhodium  compound,  which  it  closely  resembles.     If  a  small 
quantity  of  caustic  potash  be  added  to  a  solution  of  tl>e  double  ■ 
salt  of  iridium  sesquicldoride,  and  tliia  solution  be  allowt'd  to 
stand  in  a  closed  bottle,  a  yellowish-green  precipitate  of  the      ' 
hydroxide  falls  down,  which  readily  dissolves  in  alkalis  and  ■ 
oxidizes  quickly  in  the  air.  H 

Iridium  Dioxide,  IrO^,  is  a  black  powder  obtained  bj*  heating  H 
the  hydroxide  in  a  current  of  carbon  dioxide.  It  is  insoluble  H 
in  acids. 

Iridium  Telrahydroride,  Ir(OH)^,  is  formed  by  the  oxidation 
of  the  sesquihydroxide  in  the  air,  or  by  precipitating  the  tetra-  H 
chloride  with  an  alkali.     It  is  a  hea^-y  indigo-blue  powder  which 

'  Comptes  lUndut,  IrxxviL  HI.  ^ 


is  almost  insoluble  in  dilute  sulphuric  and  nitric  acids,  but  dis- 
solves completely  though  slowly  in  hydrochloric  acid.  On  heat- 
ing the  indigo-blue  solution  it  becomes  green  and  then  brown. 


SALTS  OF  IRIDIUM. 


649  Iridium  forms  two  series  of  salts  corresponding  to  the  hy- 
droxides. Besides  these  Seubert '  has  recently  described  another 
series  corresponding  to  the  monoxide.  The  fDllo^ving  double 
salts  were  obtained  by  him  in  the  course  of  the  separation  of 
iridium  from  rhodium  according  to  Bunsen's  method  with  bi- 
sulpliite  of  soda. 

The  salt,  IrSO,  +  SXaj^Oj -HOJIjO,  is  obtained  in  cream- 
coloured  scaly  crystals,  whilst  another  compound  having  the 
formula  IrHj(S0s)2  +  SXaj-'^Os  +  ^HjO  forms  broad  milky 
needles,  and  IrHj(SOj^,  -j-  SNajSOg  +  lOHjO  exists  in  fine  white 
needles.  These  salts  have  an  acid  reaction,  they  are  almost  in- 
soluble in  cold  water  and  are  decomposed  by  hot  water  and  acids. 
"When  ammonium  iridicbloride  is  heated  with  aqueous  sul- 
phurous acid  to  70°  a  liquid  is  obtained  which  appears  olive- 
green  by  retlected,  but  rieddish-brown  by  transmitted  light,  and 
from  which  a  moss-green  crystalline  powder  is  deposited.  If 
this  be  dissolved  in  water  and  the  solution  cr}'stallized  ammo- 
nium iridiochloride  first  separates,  whilst  a  crop  of  orange-red 
needles  of  the  acid  HjSOj.IrClj.  4NH^C1  are  afterwards  de- 
posited. Tliis  acid  forms  red  crjstalline  salts  with  alkalis,  such 
as  K^03.IrCL.2NH,Cl  +  4H5O  and  (Nn,),S0,.IrCls.2NH,Cl 
+  4HjO,  crystallizing  resi>ectively  in  small  scales  and  in  rhombic 
tablets. 


IRIDIOUS  SALTS. 

650  Jridiovif  CJiIoriJf,  IrX'l,,,  is  prepared  by  heating  one  of  its 
double  salts  with  .sulphuric  acid.  If  the  mass  be  then  thrown 
into  water  the  chloride  separates  out  as  a  light  olive-green  pre- 
cipitate insoluble  in  acids  and  in  alkalis.  It  is  obtained  in 
solution  by  treating  the  hydrochloric  acid  solution  of  the  tetra- 
hydroxide  with  sulphur  dioxide  untU  it  has  become  green. 

Potussium  Iridiochloride,  Ik^t^CX^  +  6HjO,  is  best  obtained 
>  Ber.  Dcutteh.  Chan.  Oea.  xi,  1761. 


from  the  correspondmg  iridic  salt  by  heating  it  with  sulphuretted 
hydrogen  water,  and  allowing  the  olive-green  solution  obtained 
by  the  addition  of  potassium  chloride  to  crystallize.  It  fomu 
green  oblique  prisms  which  readily  effloresce. 

Sodium  Iridiochloridc,  Na^IrjClj,  +  24HjO,  is  obtained  in  a 
similar  way  to  the  foregoing  compound  and  forms  large  olive- 
green  or  brown  tricliiiic  crj'stals. 

Ammonium  Iridiorhhride,  (NH^)^Ir.^Clj3  -f-  3HjO,  is  obtained 
by  evaporating  the  sodium  salt  witli  concentrated  sal-ammoniac 
solution.  It  forms  dark  olive-green  prisms  isomorphous  with 
the  corresponding  rhodium  salt. 

Jridious  Bromide,  IrgBrg  +  8H3O.  "\Mien  the  blue  hyrlroxide 
is  dissolved  in  hydrobroniic  acid,  a  blue  licjuid  is  obtained  wluch 
loses  bromine  on  evaporation  and  deposits  small,  light  oUve- 
green,  six-sided  crystals,  having  the  above  composition.  Tbey 
dissolve  readily  in  water  but  are  not  soluble  in  alcohol,  and  lose 
their  water  of  crj'stallization  at  100'.  From  the  mother-liquor 
of  this  Bait  steel-gi-ay  needles  of  hi/drogen  irid iobromidf, 
HjIrjBrjj  +  6H3O,  having  a  metallic  lustre  by  reflected  light  are 
deposited.  These,  when  heated  to  100°,  lose  water  and  are  con- 
verted into  a  browiisli-red  mass  wliich  is  easily  soluble  in  water 
and  alcohol.  The  solution  decomposes  carbonates  with  forma- 
tion of  iridiobromides. 

Poiussium  rruliohromide,  K„IrjBr,j  +  6ITjO,  forms  long  olive- 
green  lustrous  four-sided  needles  which  effloresce  on  e.xix>sure, 
becoming  light-green  and  opaque.  They  readily  dissolve  in 
water. 

Ammonium  Iridiobromide,  (NH^^Ir.Brjj  -f  3H,0,  is  obtained 
by  reducing  the  corresponding  iridibromide  with  sulphur  dioxide 
and  neutralizing  with  ammonium  carbonate.  It  crystallizes  in 
dark  olive-green  prisms,  and  is  isomorphous  with  the  correspond- 
ing rhodium  salt,  with  which  it  crystallizes  in  all  proportions. 

Iridious  Sulphite,  Ir„(S03)3  -f-  6HjjO,  is  obtained  when  the 
hydroxide,  suspended  in  water,  is  treated  for  some  time  with 
sulphur  dioxide.  This  compound  is  found  in  solution  whilst  a 
brown  basic  salt  remains  undissolved.  The  solution  is  then 
evaporated,  when  the  normal  sulphite  separates  out  in  the  form 
of  a  yellow  crystalline  precipitate  which  is  scarcely  soluble  in 
water  but  readily  dissolves  in  dilute  acids. 
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651  Iridium  Tetrachlmidc,  or  Iridic  Chloride,h:Cl^,  is  obtained 
by  dissolving  tlie  finely-divided  metal  in  aqua-regia,  or  by  the 
solution  of  the  blue  hydroxide  in  hydrochloric  acid.  When  the 
solution  is  evaporated  at  a  temperature  not  above  40°,  a  black 
mass  is  obtained  which  appears  red  in  thin  films,  and  which 
contains  a  small  qiiantity  of  scsqiiichloride.  Tlie  hydrochloric 
acid  solution  probably  contains  chloririlic  acid,  HjIrCl,, 
corresponding  to  the  following  compounds. 

Fotaastum  Iridichloridf,  K^IrGln,  is  obtained  by  the  addition 
of  potassiuni  chloride  to  the  hydrochloric  acid  solution.  On 
evaporation  small  blackiah-red  regular  octohedrons  are  deposited. 
These  are  slightly  soluble  in  cold,  but  more  readily  in  hot  water, 
but  do  not  dissolve  in  a  saturated  solution  of  an  alkaline  chloride 
ir  in  alcohol. 

Sodium  Iridickloride,  NajIrClg,  is  easily  soluble  in  water, 
and  crystallizes  in  almost  bhick  tables  or  prism.s,  which  are  iso- 
morphous  with  the  corre8]ionding  platinum  salt. 

Ammonium  Iridu-hloridt-,  (!^ll^)J.TC]^  is  obtained  by  preci- 
pitating the  acid  solution  of  tiie  chloride  by  sal-ammoniac.  It 
is  a  dark  cherry-red  powder,  consisting  of  small  blackish-red 
octohedrons. 

Iridium  Tdrahromidc,  or  Iridic  Bromide,  IrBr^.  The  Idue 
ydroxide  dissolves  in  liydrobromic  acid,  giving  rise  probably  to 
bromiridic  acid,  H^IrKr^,.  This  on  evaporation  with  nitric 
acid  leaves  a  blue  deliquescent  crystalline  mass.  It  forms, 
with  the  other  bromides,  well  crystallized  iridibroraides,  siich 
as  KjIrBr,,  which  crystallizes  in  opaque,  lustrous,  blackish-blue 
regular  octohedrons. 

Iridiuvi  Tftraiodidf,  or  Iridic  Iodide,  Irl^,  is  obtained  by 
boiling  the  hydrocldoric  acid  solution  of  the  chloride  with  potas- 
sium iodide-  It  fonns  a  black  powder,  which  yields,  with  the 
iodides  of  the  alkali  metals,  well  crj'stallized  double  compounds 
possessing  a  ruby-red  colour. 
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65a  Iridionit rites.  These  compounds  have  been  investigated 
by  Gibbs.* 

Hydrogen  IridionUrite,  "B^r^i^O^^^  +  2HjO,  forms  light 
yellow,  easily  soluble  needles. 

Polassitim  IridionUrite,  K^lT^{li^0^j^+2Efi,is  obtained  in 
greenish-yellow  crystals,  and  like  the  sodium  compound  of 
corresponding  composition,  is  easily  soluble  in  water. 

When  a  solution  of  jjotassium  iridichloride  is  boiled  with 
an  excess  of  pota.ssium  nitrite  a  yellow  crystalline  powder  ha^^ng 
the  composition  SKjIrjfNOj)!^  +  K^IrjCl,,  is  obtaiuecL  This  is 
but  slightly  soluble  even  in  boiling  water,  and  is  not  attacked 
by  cold  hydrochloric  acid. 
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653  These  closely  resemble  the  corresponding  platinom 
compounds. 

Iridiosainmonium  Chloride,  lx(^'R^f!,\^,  is  obtained  by  heating 
a  solution  of  iridious  chloride  with  an  excess  of  carbonate  of 
ammonia  and  neutralizing  the  solution  with  dilute  hydrochloric 
acid.  It  is  a  yellow  granular  liody,  insoluble  in  water.  The 
corresponding  hydroxide  is  not  known,  and  of  the  other  salts 
only  the  sulphate,  Ir(NIIj)jSOj,  has  been  prepared.  This  is 
obtained  by  heating  the  chloride  with  sulphuric  acid,  when  on 
easily  soluble  orange-coloured  crj'stallinc  powder  is  formed. 

Iridiodiammonium  Cldonde,  1x(^'3.^fi\^  is  obtained  by  pro- 
longed boiling  of  the  preceding  chloride  with  excess  of  am- 
monia. On  cooling  a  whitish  precipitate  separates,  and  this 
is  decomposed  by  boiling  water  with  evolution  of  ammonia. 
The  hydroxide  has  not  been  prepared.  Tlie  sulphate  can  bo 
obtained  from  the  chloride,  and  crystallizes  in  rhombic  prisms, 
wbicli  are  easily  soluble  in  hot  water  and  deflagrate  on  heating. 

Iridiopcntammcniuvi  Cldoride,  iT.^Q^YL^i^Clg.  In  order  to 
prepare  this  salt  a  mixture  of  a  dilute  solution  of  ammo- 
nium iridiochloride  with  an  equal  volume  of  ammonia  is  made, 
and  the  mixture  allowed  to  staud  in  a  completely-filled  and 
>  Bcr.  Deutsch,  Chem.  Ga.  iy.  280. 


I 
I 


IRIDICYANIDES. 


447 


well-closed  stoppered  bottle  for  four  weeks  in  a  warm  place. 
The  rose-red  solution  is  then  heated  in  a  basin  over  the  water- 
bath,  saturated  with  hydrochloric  acid,  and  evaporated.  The 
crystalline  powder  which  separates  out  is  washed  with  cold 
wat^r,  and  recrystallized  from  boiling  water  slightly  acidified 
with  hydrochloric  acid.  It  is  a  light  flesh-coloured,  cr}'8taUiue, 
very  heavy,  soluble  powder,  which,  when  heated  with  silver 
oxide  aiid  water,  yields  a  rose-red  alkaline  solution  of  the 
hydroxide,  from  which  the  other  salts  may  be  prepared.  They 
are  flesh-coloured,  crystalline,  aud  neutral,  with  the  e.xceptiou  of 
the  carbonate,  Irj(NH3)i(,(C0jj)j  +  3HjjO,  which  has  an  alkaline 
reaction. 

Irididiammonium  Chloride,  lT^Y{^fi\^.  Wlien  concen- 
trated nitric  acid  is  gradually  added  to  iridiosammoniuin  chloride 
it  is  converted  iuto  irididiammonium  chlort>uitrate,  Ir(NIl3)^ 
CljCNOj)^  Tliis  dissolves  in  hot  water  and  crystallizes  in 
lustrous  laminae.  If  an  excess  of  hydrochloric  acid  be  added  to 
a  solution  of  this  compound,  the  chloride  is  precipitated,  crys- 
tallizing from  boihng  water  in  \'iolet  octohedrons.  Silver 
nitrate  precipitates  only  the  half  of  the  chlorine  which  it  con- 
tains. If  the  chlorouitrate  be  evaporated  with  dilute  sulphuric 
acid,  the  chlorosulphate,  Ir(NHg)^Cl2S0^  is  obtained  in  tine 
greenish  needles. 
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654  These  compounds  resemble  the  ferricyanides,  and  have 
been  investigated  by  Martins.* 

Iridkyanic  Acid,  ll^T.,(C^^^,  is  obtained  by  decomposing 
the  barium  salt  with  ddute  sulphuric  acid.  It  is  very  soluble 
in  water  and  alcohol,  less  so  in  ether,  and  is  deposited  from 
solution  in  cr}'stalline  crusts.  It  possesses  an  acid  reaction  and 
has  an  unpleasant  taste,  and  from  its  solutions  hydrocldoric  acid 
precipitates  green  iridic  cyanide. 

Potassmm  Iridicyanide,  'K^x^{C^^)^,  is  obtained  by  heating 
the  metal  with  yellow  prussiate  of  potash,  or  by  fusing  ammo- 
nium iridicbloride  with  potassium  cyanide,  and  also  by  the 
decomposition  of  the  barium  s.alt  with  potassium  sulphate.  It 
cr)'stallizes  in  colourless  quadratic  prisms  which  are  easily 
soluble  in  water,  but  insoluble  in  alcohoL  It  is  a  very  stable 
'  Ann,  Chem.  Pharm,  crrii.  S57. 
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body,  -which  ia  not  attacked  when  heated  in  chlorine  or  in 
hydrochloric  acid  gas. 

Barium  Jridici/aiiiJe,  Ba3lrj(C3N3)^  +  18II„0.  In  order  to 
prepare  this  compound  the  crade  potassium  salt  is  precipitated 
with  copper  sulphate,  and  tlie  precipitate  decomposed  with  baiyta 
water.  It  forms  hard,  transparent,  probably  quadratic  crystals, 
which  effloresce  on  exposure,  are  easily  soluble  in  water,  and  are 
attacked  with  difficulty  by  acids. 


IRIDIUM  AND  SULPHUR. 

655  Iridium  Monosidphide,  IrS.  The  metal  bums  when 
ignited  in  sulphur  vapour,  giving  rise  to  this  compound,  which 
resembles  galena  in  its  appearance. 

IridiuTnSesquiindphiik,  IrgSj,  is  precipitated  when  sulphuretteil 
hydrogen  is  passed  into  a  solution  of  an  iridious  salt.  It  is  a 
brown  powder,  somewhat  soluble  in  piure  water,  and  slightly  so 
in  potassium  sulphide  and  nitric  acid. 

Iridium  Disnlphide,  IrSo.  is  formed  when  the  powdered  metal 
is  heated  with  sulphur  and  cai'bonate  of  soda,  and  remains 
behind  as  a  black  powder  when  the  fused  mass  is  lixiviated, 


Detection  a^id  Estimation  of  Ieidium. 


656  Sal-ammoniac  produces,  in  a  tolerably  concentrated  solution 
of  iridium,  a  dark-red  crystalline  precipitate,  and  tlie  dark  colour 
sometimes  observed  in  the  coiTesponding  platinum  precipitate 
indicates  the  presence  of  iridium  in  this  metal.  Iridium  is  also 
distinguished  from  platinum  by  the  formation  of  a  colourless 
solution  of  potassium  iridicliloride  when  caustic  potash  is 
added  to  the  chloride  of  the  metal,  and  on  exposure  to  the  air 
this  colourless  solution  fii-st  becomes  red-coloured,  and  after- 
wards blue. 

Sulpliiiretted  hydrogen  decolorizes  the  solution  of  an  iridic 
salt  with  .separation  of  sulphur,  whilst  the  brown  sulphide,  solu- 
ble in  ammonium  sulphide,  is  precipitated. 

Iridium,  like  platinum,  is  always  determined  quantitatively 
as  the  metal. 

The  atomic  weight  of  iridium  was  determined  by  Berzelius '  by 
a   single  analysis    of  potassium  iridichloride,   from  which  he 

'  P>y;3   '^"n   t'ii.  <36. 
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obtained  the  number  1967.  Seubert*  has  lately  found,  in  a 
series  of  careful  experiments,  that  the  exact  atomic  weight  is 
iy27.  The  reason  that  Berzelius  obtained  too  higli  a  number  is 
partly  due  to  tlio  fact,  mentioned  by  himself,  that  his  metal 
contained  a  small  quantity  of  osmium. 


RUTHENIUM,  Ru  =  i03S. 

657  Tn  1828  (Isaiiti  *  stated  that  he  liad  discovered  three  new 
luetals  iu  tlie  platinum  ores  from  the  Ural.  To  one  of  these  he 
gave  the  name  of  ruilicnium,  from  the  name  of  Eussia,  the 
country  in  which  it  was  found.  In  the  following  year,  however, 
he  withdrew  the  statement  of  tlie  existence  of  one  of  the  metals, 
and  the  existence  of  the  other  two  remained  doubtful  until  Glaus, 
in  1845,  examined  the  ipestion.  Tliis  chemist  proved  the  exist- 
ence of  a  new  metal  in  the  pktiaiun  ore,  and  retained  for  it  the 
name  of  ruthenium  because  it  was  found  to  be  contained  in 
small  quantity  in  the  substance  termed  ruthenium  oxide  by 
Osann,  which  for  the  most  part  consisted  of  silica,  zirconia,  and 
the  oxides  of  titanium  and  iron.  We  owe  almost  the  whole  of 
our  knowledge  respecting  this  metal  to  Claus.^ 

Ruthenium  is  found  both  in  platinum  ore  and  in  osmiridium, 
■whilst  it  occurs  as  sulphide  in  lauiite,  EujSj.* 

Of  the  various  methods  of  preparing  the  metal,  that  of  Deville 
and  Debray ''  is  the  most  interesting,  as  these  chemists  prepared 
the  metal  on  a  large  scale,  and  specially  studied  its  physical 
properties.  For  this  purpose,  the  alloy  of  osmiridium  containing 
ruthenium  is  fused  with  zinc,  the  regulus  then  treated  with 
hydrochloric  acid,  and  one  part  of  the  finely-divided  residue 
mixed  with  tliree  parts  of  barium  dioxide  and  one  part  of  barium 
nitrate,  tlie  mixture  being  heated  for  two  hours  to  a  temperature 
somewhat  below  the  melting-point  of  silver.  The  cold  mass  is 
then  reduced  to  an  impalpable  jKiwder  and  thrown  into  dilute 
hydrochloric  acid  contained  iu  a  stoppered  bottle.  In  this  ope- 
ration the  liquid  must  be  kept  well  cooled  in  order  to  prevent  the 
escape  of  the  vapours  of  poisonous  osmium  tetroxide,  and  the  ope- 
ration must  be  carried  on  in  a  good  draught-place.  As  soon  as  the 

»  Chem.  .W.  Jnurn.  1879,  i.  125. 

■  Pogg.  Ann.  liv.  .329  ;  Uiv.  197. 

»  Ann.  Clirm.  rhann.  Ivi.  257;  lix.  234;  Pogg.  jinn.  Ixiv.  022  ;  Ixv.  200} 

hrejih.  1S5»,  2.'".7  ;  I860,  205  ;  1861.  320  ;  1863,  397. 

Wohlcr,  /(nil..  Chem.  Phann.  cxtix.  116. 

DctUIc  auJ  Dt'liray,  ComjH.  liendua,  Ixxjiii.  928. 

Ill 


■BM^ta 


450 


MKTALS  OF  THE  GOLD  GROUP. 


I 


I 


action  is  over,  one  part  of  nitric  acid  and  two  parts  of  sulphuric 
acid  are  added  to  the  liquid,  the  mixture  well  shaken,  the  barium 
sulphate  allowed  to  dej)osit,  and  the  clear  liquid  poured  ofif.  The 
residue  is  washed  by  decantation  and  the  liquid  distilled  until 
three-fourths  of  it  have  passed  over.     The  distillate  is  worked  up 
for  osmium,  whilst  the  concentrated  residue,  mixed  with  from 
two  to  three  parts  of  sal-ammouiac  and  a  small  quantity  of  nitric 
acid,  is  diied  on  the  water- tath.     The  residue  is  then  washed 
with  water  which  is   half  saturated  with  sal-ammoninc,  until 
the  filtrate  is  colourless.     By  this  treatment  ammonium  iridi- 
chloride,  containing  some  ruthenium,  remains  behind     This  is 
ignited  and  the  remaining  spongy  metallic  mass  fused  for  two 
hours  in  a  silver  basin  with  two  parts  of  nitre  and  one  part  of 
caustic  potash.     The  fused  mass  is  then  dissolved  in  water,  and 
the  characteristic  orange-red  solution  of  ruthenate  of  potassium 
treated  with  nitric  acid  until  the  yellow  colour  has  disappeared, 
when  Tutlienium  oxide  separates  out,  which,  however,  still  con- 
tains sihcic  acid  and   some   iridium   and  osmium ;   it  is  then 
ignited  in  a  graphite  crucible  and  fused  in  the  oxyhydrogea 
furnace. 

Another    plan    for    preparing    chemically    pure    ruthenium 
depends  upon  the  facts  that  whilst  osmium  tetroxide"is  vola- 
tilized in  a  stream  of  air,  the  corresponding  and  volatile  tetrox- 
ide  of  ruthenium  is  only  formed  by  the  action  of  chlorine  in  _ 
alkaline  solution  of  ruthenium.    Hence  the  metal,  as  obtained  I 
by  other  processes,  must  be  heated  in  a  cun'ent  of  oxygen  until 
the  whole  of  the  osmium  tctroxide  has  been  volatilized  and  then 
fused  a  second  time  with  potash  and  saltpetre,  the  mass  dis- 
solved  in  water,    saturated   with   chlorine,  and   distilled  in  a 
stream  of  chlorine  on  the  water-bath,  when  pure  ruthenium 
tetroxide  volatilizes.     This  is  then  dissolved  in  caustic  potash  I 
and  the  ruthenium  sesquioxide  precipitated  from  this  solution 
by  alcohol,  and  this  again  reduced  to  metal  by  ignition  in  a 
stream  of  coal-gas  or  hydrogen. 

In  order  to  obtain  the  metal  in  the  crj'stalline  state  it  may  bo 
fused  in  a  carbon  crucible  with  from  five  to  sLx  times  its  weight 
of  tin,  the  alloy  being  treated  with  boiling  hydrochloric  acid 
which  leaves  the  compound  EuSu  undissolved;  this  when 
ignited  in  a  carbon-boat  in  a  current  of  hydrochloric  acid  gas 
leaves  a  residue  of  crystallized  ruthenium.  Of  all  the  platinum 
metals,  osnrium  alone  excepted,  ruthenium  combines  vith 
oxygen  most  readily. 
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Euthenium  lias  a  specific  gravity  of  12"261  at  0° ;  like  iridium 
it  is  hard  and  brittle,  and  next  to  osniium  is  the  most  difficultly 
fusible  metal  of  this  group.  The  fused  metal  oxidizes  slowly  in 
the  air,  becoming  covered  with  a  brown  film,  and  on  cooling 
rem  a  state  of  fusion  it  spirts  like  iridium.  The  pure  metal  is 
^scarcely  attacked  even  by  aqua-regia,  but  it  combines  with 
chlorine  at  a  red  heat 
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RUTHENIUM  AND  OXYGEN. 


658  llutheniuni  forms  no  less  than  six  oxides,  namely,  KuO, 


Ku,0„  ItuO,,  liuO, 


"a^ji 


Eu,0, 


ItuO^;  the  oxides  RuOj  and  TJa.Oj 
are,  however,  only  known  in  a  sUite  of  combination. 

Euthenium  Monoxide,  liuO.  If  the  finely-divided  metid  be 
frequently  powdered,  and  after  each  pulverization  ignited  in 
chlorine,  the  dicldoride  of  ruthenium  is  obtained  as  a  black, 

■partially  cr}-stalline  mass,  insoluble  in  acids.  By  calcining  tlie 
dichloride  mixed  with  carbonate  of  soda  in  a  current  of  carbon 
dioxide  and  washing  the  residue  with  water,  ruthenium  mon- 
oxide remains  as  a  dark-grey  powder,  which  is  not  attacked  by 
acids. 

RiUhrnium  Sesquioxide,  Eu^O^j,  is   formed   when   the   finely- 

.  divided  metal  is  heated  to  redness  for  some  time  in  contact  with 

^he  air.    It  is  a  deep-blue  coloured  powder,  insoluble  in  acids. 

It  does  not  lose  oxygen  even  at  a  white-heat,  but  is  readily 

reduced  by  ignition  in  hydrogen. 

H     Ruthenium  Sesquihydroxidc,  Eujj(OH)y,  is  obtained  by  pre- 

Bcipitating  the  corresponding  chloride  with  an  alkali.     It  forms 

V  a  blackish-brown  precipitate,  which  even  after  long  washing 

retains  from  three  to  four  per  cent,  of  alkali     It  dissolves  with 

a  yellow  colour  in  acids,  but  is  insoluble  in  water  and  alkalis. 

Ruthenium  Dioxide,  KuO^.  This  is  obtained  by  roasting  tlie 
disulphide  or  sulphate  in  contact  with  air.  It  is  hkewise  formed 
when  the  metal  is  fused  in  an  o.xidizing  atmosphere,  when  it  burns 
with  a  sparkling  sniuk-y  flame,  and  evolves  an  ozone-like  smell. 
^b Hence  this  compound  can  be  easily  obtained  Irom  the  ruthenium 
contained  in  the  osmiridium  alloy,  which  may  for  this  purpose 
be  heated  in  a  porcelain  tube  to  the  melting-point  of  copper,  in 
Ka  current  of  pure  air,  from  which  all  organic  substance  has  pre- 
viously been  carefuUyseparated.  The  rutlicnium  dioxide  is  carried 
forward  by  the  osmium  tetroxide  formed  at  the  same  time,  and 
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deposited  in  the  cold  part  of  the  tube,  whilst  the  more  volatile 
osniium  compound  is  carried  on  still  further  by  the  current  of 
air.  Rutiieniuin  dioxide  crystallizes  in  small  very  hard  quadratic 
pyramids,  possessing  a  green  metallic  lustre,  and  a  bluish  or 
greenish  iridescence.  These  have  a  specific  gravity  of  7'2, 
and  are  isomorphous  with  cassiterite  and  rutile  (Kammclaberg). 

Euthcnium  TclTahydroxidc,  rai(On),  +  3HjO,  is  obtained  by 
evaporating  ruthenium  disulphate  with  caustic  potash,  when  a 
dark -red  precipitate  falls  down.  This  contains  some  alkali,  and 
dries  to  a  reddish-brown  mass,  giving  off  water  at  300°.  "When 
more  strongly  lieated  it  deflagrates  with  vivid  incandescence 
and  evolution  of  a  black  soot-like  smoke.  It  is  soluble  in  acids 
and  alkalis,  yielding  yellow  solutions. 

RiithcnuiTii  Triande  does  not  exist  in  the  free  state.  Some 
of  its  salts  are.  however,  known.  Thus,  the  pota.ssium  salt  is 
obtained  by  igniting  ruthenium  with  a  mixture  of  potash  and 
nitre  or  chlorate  of  potsish.  This  salt,  termed  potassium  mthe- 
nate,  dissolves  in  water  with  a  redilish-yellow  colour,  has  a 
taste  as  astringent  as  that  of  tannic  acid,  and  colours  organic 
substances  black. 

Ruthenium  Peroxide,  Ru«0.,  is  not  known  in  the  free  state, 
nor  has  the  corresponding  pcr-ntthenic  acid,  H^RuO^,  been 
obtained.  The  potassium  salt  lias  been  prepared  by  Deville 
and  Dcbray  *  by  acting  with  chlorine  on  potassium  ruthenate 
From  the  dark-green  solution  which  is  thus  formed,  small 
black  lustrous  rhombic  pyramids  separate  out  isomorphous 
with  potassium  permanganate.  The  blackish-green  solution 
soon  becomes  yellow,  giving  rise  to  potassium  rutbenate  and 
the  following  oxide. 

Ruthaiiiim  Tdroxidc,  'RnO^.  This  oxide  is  very  volatile, 
corresponding  in  this  respect  to  osmium  tetroxide.  It  is 
obtained  by  passing  chlorine  into  a  solution  of  potassium 
rutlienochloride  or  potassium  rutbenate,  this  latter  being 
prepared  by  fusing  a  mixture  of  three  grams  of  ruthenium 
with  twenty-four  grams  of  caustic  potash  and  eight  grams 
of  nitre  to  redness  in  a  silver  crucible.  The  mass  is  dis- 
solved in  forty-eight  grams  of  water,  and  this  solution 
brought  into  a  tubulated  retort,  having  a  long  condensing 
tube  attached  to  it,  and  dipping  into  a  flask  containing  caustic 
potash.  Chlorine  is  then  passed  into  the  liquid,  which  becomes 
heated,  and  the  volatile  ruthenium  tetroxide  passes  over.  This 
'  Conrpt.  /ifTi^.  Ixxxiii.  026. 
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deposits  in  tlio  neck  of  the  retort  and  in  the  condensing  tube 
in  the  form  of  a  golden-yellow  crystalline  crust  consisting  of 
glistening  rhombic  prisms.  They  possess  an  astringent  but  not 
an  acid  taste.  The  tetroxide  melts  at  40°,  yielding  a  liquid 
which  boils  slightly  above  100°,  and  gives  rise  to  a  golden- 
yellow  vapour,  which  emits  an  odour  resembliug  that  of  nitrous 
fumes,  and  produces  coughing  and  great  irritation  of  the  mucous 
membrane  (Claus).  In  the  year  1S75  Deville  and  Dcbray'  endea- 
voured to  distil  150  grams  of  this  liquid ;  an  evolution  of  gas 
began  at  108°,  and  a  few  moments  afterwards  a  frightful  e-vjilo- 
sion  occurred,  the  whole  laboratory  being  filled  with  a  strong 
smell  of  ozone,  and  a  black  soot-like  smoke,  as  if  turpentine  had 

^been  burned. 

p  The  moist  oxide  decomposes  in  a  few  hours  into  oxygen 
and  the  sesquioxide,  but  in  the  dry  state  it  may  be  pre- 
served undecomposed  for  a  longer  time.  It  dissolves  slowly 
and  with  difficulty  in  water.  The  solution,  when  it  contains 
free  chlorine,  may  be  preserved  for  some  days  in  the  dark  with- 
out undergoing  alteration,  but  on  exposure  to  light  decomposition 
rapidly  takes  place.  It  blackens  the  skin  as  well  as  other  organic 
bodies,  and  alcoholic  potash  immetliately  reduces  it,  finely- 
ivided  metallic  ruthenium  bein?  thrown  down. 
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659  The  ruthenious  salts  are  derived  from  the  sesquioxide,  and 
of  these  only  a  few  of  the  haloid  compounds  are  known.  The 
chloride  and  its  double  salts  dissolve  in  water  with  a  reddish- 
yellow  colour.  Thi.s  solution  deposits  on  standing,  slowly  in 
the  cold  but  quickly  when  warmed,  a  black  very  finely-divided 
precipitate  of  oxychloride.  This  reaction  is  so  delicate  that  one 
part  of  the  metal  imparts  a  distinct  ink-like  colour  to  100,000 
parts  of  water. 

Euilienwus  Chloride  or  Ruthenium  Scsqtiichloiide,  Ru^Clg,  is 
obtained  by  evaporating  a  solution  of  the  hydroxide  in  hydro- 
chloric acid.  Thus  prepared  it  is  a  deliquescent  mass,  possess- 
ing an  astringent  but  not  a  metallic  taste. 

Fotassium  Ituthcniochloridc,  RujK^Cljo,  is  prepared  by  mix- 

g  solutions  of  the  two  chlorides.  It  is  difficultly  soluble 
in  cold,  though  readily  in  hot  water.     It  forms  a  violet-brown 

'  Ann.  Chim.  Phys.  [."il.  iv   537. 


iridescent  crystalline  powder,  consisting  of  microecopc 
red  glistening  cubes.     The  solntion  possesses  a  paidj 
taste. 

The  ammonium   salt  prepared  in  a  similar  vaj 
analogous  properties^ 

Bufhenious  Iodide,  KujI^,  is  a  black  precipitate  fmmil 
the  addition  of  potassium  iodide  to  a  solution   of 
nithenochloride.     It  separates  slowly  in  the  coiA,  bat  qucklj 
on  heating. 


RUTHENIC  SALTS. 

660  Riiihenic  Cliloridc  or  BiUheninm  Telrnrhhruhr,  BoCI 
evaporating  a  solution  of  the  corresponding  hydroxide  in  bydio- 
chloric  acid,  a  reddish  liquid  is  obtained,  and  a  reddisfa-bcown 
hygroscopic  ma.ss  is  at  last  left  behind.  This  dissolves  in  water 
and  in  alcohol,  yielding  a  cinnabar-coloured  solution,  and 
possessing  a  bitter  taste. 

Potassium  JitUhenidUoride,  KjRuClj,  is  obtained  when  mixed 
solutions  of  rutlieuic  chloride  and  potassium  chloride  ne 
evaporated.  On  crystallization  from  hot  water  the  omponnd 
is  obtained  in  red  regular  octohedrons,  and  is  more  readily 
soluble  in  water  than  any  of  the  other  corresponding  potasstam 
salts  of  this  group.  It  is  only  slightly  soluble  in  concentxated 
solutions  of  sal-ammoniac,  and  is  insoluble  in  alcohol. 

The  corresponding  ammonium  salt  crj-stallizes,  when  its 
solution  is  quickly  cooled,  in  small  dark-red  prisms,  but  when 
slowly  deposited  it  forms  dark  cherry-red  octohedrons. 

Ruthcnic  Sulphate,  Ru(SO^)j,  is  obtained  by  dissolving  the 
sulphide  in  nitric  acid.  The  reddish-yellow  solution  leaves  on 
evaporation  a  yellowish-brown  amorphous  mass  which  yields  a 
deliquescent  powder  closely  resembling  mosaic  gold. 


AMMONIACAL    COMPOUNDS  OF  RUTHENIUM. 


661  liuthcniosammonium  JTydrae-ide,  Ru(NH,)j(OH),,  is  ob- 
tained by  evaporating  a  solution  of  the  rutheniodiammoninm 
hydroxide,  Ilu(NH3)/OH)2,  in  a  vacuum  over  sulpliuric  apid. 
It  is  a  yellowish-brown,  spongy  mass,  consisting  of  small  very 
deliquescent  lumime,  containing  five  molecules  of  water.    It 
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possesses  a  strongly  alkaline  reaction,  and  acts  as  a  strong 
caustic,  giving  rise  to  painful  wounds  when  brought  on  to  the 
tongue.  Its  salts  are  of  a  dark-yellow  colour,  and  have  been  but 
slightly  exarained. 

Ruthcniodiammomum  Chloride,  Ku(NH3)4Clj,  is  obtained  by 
boiling  ammonium  ruthenichloride  with  an  excess  of  ammonia 
until  the  dark-red  solution  becomes  of  a  gokleu-yellow 
colour.  It  crystallizes  in  golden-yellow  oblique  rhombic 
crystals,  which  ta.ste  like  potassium  chlwide,  and  are  not  very 
soluble  in  cold  water  and  insoluble  in  alcohol.  When  the 
solution  is  warmed,  and  silver  oxide  added,  a  yellow,  strongly 
alkaline  liquid,  having  a  very  caustic  taste,  is  fonned.  This 
acts  upon  the  tongue  in  a  similar  way  to  the  preceding  com- 
pound, and  exhibits  the  same  reactions  as  caustic  potash  with 
the  various  metallic  salts.  Platinic  chloride  precipitates  the 
8olutk)n  of  this  chloride,  the  compound  Eu(NH3)^PtClj  being 
thrown  down  in  yellow  microscopic  needles. 

Ruthcnwiliammonium  Sulpltatc,  Eu(NH3)^S0^  +  4HjO,  is 
obtained  by  decomposing  the  chloride  with  silver  sulphate  It 
crystallizes  in  fine  transparent  i-hombic  plates,  having  a  golden- 
yellow  colour,  which  give  off  water  ou  exposure  to  the  air,  and 
assume  a  mettillic  lustre. 

Enlhcniodwmmonium  Carbonate,  I?u{'NIl3)^C03  -(-  511.^, 
is  fornjed  by  heating  the  chloride  with  silver  carbonate.  It 
crystallizes  in  light-yellow  rhombic  prisms,  having  a  strongly 
alkaline  reaction,  and  is  easily  soluble  iu  water,  though  insoluble 
in  alcohol 
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662  These  compounds  correspond  to  the  ferrocyanides.  The 
potassium  salt  is  obtained  by  fusing  ammonium  ruthenicldoride 
with  potassium  cyanide. 

Rutluniocyanic  Acid,  'R^Tl\\{C^^^^,  is  obtained  by  acting  with 
liydrochloric  acid  and  etlier  on  the  solution  of  the  potassium 
salt.  It  crystallizes  in  colourless  pearly  lamime,  easily  soluble 
in  water  and  alcohol.  The  solution  jiosse.sses  an  acid  reaction 
and  an  astringent  tast«,  and  on  exposure  to  air  assumes  a  blue 
colour  (Glaus). 

PotasHium  Buthenioajanidc,  'K^\\/C^^^■'r&Y[.fl,  forms  colour- 
less cryst^ils,  isomorphous  with  yellow  prussiate  of  potash.     Its 


solution  is  turned  a  bright-violet  colour  by  ferrous  sulphate,  and 
a  dark-violet  by  ferric  salts,  whilst  the  salts  of  mercury,  lead, 
and  zinc  yield  white  precipitates. 


RUTHENIUM   AND   SULPHUR. 

liuthtnium  Sesquisulphidi,  I{u.^S3,  occurs  ns  laurite,  found  with 
platinum-ore  in  Borneo  and  Oregon.  It  crystallizes  in  small 
octohedrons,  liaving  the  faces  of  the  cube,  and  showing  an  octo- 
liedral  cleavage.  It  usually  contains  a  small  percentage  of 
osmium.  Solutions  of  the  rutheniimi  salts  yield  a  brown 
precipitate  with  sulphuretted  hydrogen,  and  this  when  dried 
in  a  current  of  carbon  dio.xide  yields  the  sesquisulphide  as 
a  dark  metallic  powder. 

Detection  and  Estimation  of  RLTHEyitrM. 

663  The  ruthenic  salts  are  precipitated  dark-red  by  concen- 
trated solutions  of  potassium  chloride  and  ammonium  chloride, 
and  on  boiling  witli  water  the  cliaracteristic  nitheniura  oxy- 
chloride  is  formed.  Euthenium  solutions  are  first  coloured  blue 
by  sulphuretted  hydrogen,  and  afterwards  the  brown  sulphide 
Ir  formed,  which  is  almost  insoluble  in  ammonium  sulphide. 
The  production  of  the  volatile  tetroxide  is  also  a  characteristic 
reaction. 

Ruthenium,  like  the  other  members  of  this  group,  i.*  esti- 
mated quantitatively  as  the  metal 

Tlie  atomic  weifjht  of  ruthenium  has  been  determined  by 
Glaus.i  to  whom  we  are  also  indebted  for  the  investigation 
of  almost  all  the  ruthenium  compounds.  He  found  it  to  b« 
103-5. 


OSMIUM,  Os  =  198-6. 

664  Tlie  mode  of  occurrence  of  this  metal  has  already  been 
described.  It  may  be  easily  separated  from  the  other  menibere 
of  the  platinum  group  by  means  of  its  projierty  of  combining 
directly  with  oxygen  to  form  a  very  volatile  tetro.xide,  OsO^. 
Tliis  compound  is  obtained,  in  a  more  or  less  pure  state,  in  the 

'  jV.  PeUrtb.  Acad.  Bull.  i.  102. 
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^urse  of  the  preparation  of  the  other  platinum  inetols,  and 

pecially  of  ruthenium  (see  page  440).  The  solution  thus 
obtaiued  may  be  precipitated  witli  ammonia  and  ammonium 
sulphide,  and  the  precipitate  mixed  with  sodium  chloride,  and 
heated  in  a  slow  current  of  clilorine.  The  mass  when  lixi- 
viat€d  yields  sodium  osmichloride,  (NH^)jOsClg,  and  from  this 
solution  ammonium  -  osmichloride  is  thrown  down  by  sal- 
ammoniac  This  is  next  washed  with  sal-ammoniac  solution, 
and  then  heated  in  a  covered  crucible,  when  spongy  osmium 
is  obtained. 

Pure  osmium  was  obtained  by  Deville  and  Debray,'  by  pass- 
ing the  vapour  of  the  pure  tetroxide  mixed  with  carbon 
monoxide  and  carbon  dioxide  through  a  red-hot  porcelain  tube. 
Thus  prepared,  the  metal  assumes  the  form  of  an  amorphous 
powder,  which  is  converted  into  the  crystalline  variety  when 
fused  M'ith  from  three  to  four  times  its  weight  of  tin  in  a  char- 
coal crucible,  the  crystalline  alloy  treated  with  hydrochloric 
acid,  and  the  residue  heated  in  a  current  of  hydrochloric  acid 
;as. 

Tlie  crystalline  form  of  osmium  is  either  that  of  the  cube  or 
of  a  very  olituse  rhombohe(h-on.  The  cr)'5tal3  possess  a  bluish- 
white  colour  with  violet  lustre,  are  liarder  than  glass,  and  possess 
a  specific  gravity  of  22477.  Hence  osmium  is  the  heaviest  of 
known  bodies.  Osmium  has  not  j'et  been  fused.  "When  it  is 
heated  up  to  the  temperature  at  which  iridium  is  fully  melted 
it  evaporates,  and  deposits  in  the  form  of  a  black  powder  on  a 
cold  surface  held  in  the  vapour,  whilst  it  takes  fire  in  the  air, 

d  forms  the  tetroxide. 

He  experiment  of  volatilizing  osmium  in  the  oxyhydrogen 
urnace  is  one  accompanied  by  great  danger.  Beville,  wlio 
performed  tlie  operation  twice,  was  rendered  almost  blind  for 
twenty-four  hours  by  having  accidentally  become  exposed  to 
the  vapour  of  the  tetroxide.  This  substance  produces  the  most 
violent  pnin  and  inflammation  of  the  conjunctiva,  and  vision  is 

rmanently  injured  Ijy  the  subsequent  reduction  of  a  film  of 

etallio  osmium.^  Osmium  is  not  used  in  tlie  arts,  but  the 
alloy  of  osmiridium,  wliich  is  not  attacked  by  acids,  is  em- 
ployed for  tipping  gold  pens,  and,  inasmuch  as  it  is  unoxidizable 
and  non-magnetic,  it  has  been  employed  for  the  bearings  of  the 
mariner's  compass. 

I  Compt.  Send,  lixiii.  1076.    .  •  Ann.  Chim.  Phyt.  [3],  Ivi.  400. 


^^ 


468 


METALS  OF  THE  GOLD  GROUP. 


OXIDES  AND  SALTS  OF  OSMIUM. 


665  The  following  oxides  are  known : " 

Osmium  Monoxide,     OsO. 
Osmium  Sesquioxide,  Os^Oj. 
Osmium  Dioxide,         OsOj, 
Osmium  Tetroxide,      OsO^. 

In  addition  to  these  the  salts  of  osmic  acid,  H.psO^ 
are  known,  but  neither  the  acid  nor  the  corresponding  oxide, 
OsOj,  have  been  prepared. 

The  several  oxides  and  their  corresponding  compounds  will  be 
dealt  with  together. 

Osviium  Monoxide,  OsO,  is  obtained  when  the  corresponding 
sulphite  mixed  with  carbonate  of  soda  is  ignited  in  a  current 
of  carbon  dioxide.  It  is  a  greyish-black  powder  insoluble 
in  acids. 

Osmium  Sulphite,  OsSOj.  In  order  to  prepare  this  salt,  sul- 
phur dioxide  is  led  into  an  aqueous  solution  of  the  peroxide,  and 
{,'lauber-salt  added  to  tlie  blue  liquid.  The  dark-blue  precipitate. 
after  washing,  is  dried  and  yields  a  powder  which  is  unalterable 
in  the  air,  and  which  on  trituration  exhibits  a  metallic  silvery 
lustre.  If  the  blue  solution  be  treated  with  caustic  potash 
a  blackish-blue  precipitate  of  hydroxide  is  obtained,  which  on 
exposure  to  air  absorbs  oxygen  as  rapidly  as  feiTous  hydroxide. 

Potassium  Osmium  Sulphite,  'R.;^fii:{?>0^^  +  4HjO,  is  ob- 
tained by  heating  the  solution  of  potassium  osmiochloride 
with  potassium  sulphite.  It  is  a  crystalline  pale  rose-reil 
precipitate. 

Osmium  Scsquiavidc,  Os.jO^,  is  a  black  powder  insoluble  in 
acids  obtained  by  heating  its  salts  with  carbonate  of  soda  in  a 
current  of  carbon  dioxide.  Of  these  the  two  following  have 
been  most  accumtely  examined. 

Deville  and  Debray  obtained  this  oxide  in  copper-red  scales, 
together  with  the  metal,  by  the  reduction  of  the  tetroxide. 

Polaasium  Osmiochlorkle,  KgOsoCljj  -I-  GH^O,  is  obtained 
by  adding  ammonia  to  a  solution  of  osmium  tetroxide  in 
caustic  potash,  and  saturating  the  liquid,  as  soon  as  it  has 
become  yellow,  with  hydrocbloric  acid.  On  evaporation,  the 
above    salt    separates    out   together   with    potassium    chloride 
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and  sal-ammoniac.  This  latter  can  be  readily  separated 
mechanically.  It  forms  dark -red  crystals  which  effloresce  in 
the  air  and  become  pink.  It  dissolves  in  water,  yielding  a 
cherry-red  coloured  solution,  possessing  first  a  strongly  astringent, 
and  then  a  sickly  sweetish  taste. 

Ammonium.  Osmwrhhridf,  (NII^)gOs2Cl,3  +  3HjO,      In  order 
prepare  this  salt  sulphuretted  hydrogen  is  passed  into  a 
hydrochloric  acid  solution  of  the  tetroxide  until  it  has  become 
red.     The  liquid  is  then  evaporated  with  sal-ammoniac,  when 
ne  red  crystals  are  deposited  resembling  the  potassium  salt. 
Alkalis  precipitate  a  brownish-red  hydro.xide  from  solutions 
of  these  salts. 

Osmium  Dioxide,  OsOj,  is  obtained  from  its  salts  in  a  similar 
way  to  tlie  foregoing  oxides.  It  is  likewise  formed  when  its 
hydroxide  is  heated  in  a  current  of  carbon  dioxide.  Prepared 
in  this  way  it  forms  masses  having  a  coppery  lustre.  It  does 
ot  decompose  in  absence  of  air  even  at  a  red-heat,  but  when 
mixed  with  combustible  bodies  it  deflagrates  on  heating. 

Osmium    Tdrahjdroxide,    Os(OH)^,    is   produceil   when    the 
ueous  solution  of  the   tetroxide  is  mixed  with  alcohol  or 
other  reducing  agent,  or  when  potassium  osmate  is  treated  with 
nitric  acid : 


2KjOsO,  +  4HN0,  -  Os(OH),  +  OsO,  +  4KN0j 


» 


It  is  a  black  precipitate  which  dries  up  to  a  heavy  brown 
mass  having  a  coppery  lustre.  \STien  freshly  precipitated  it  is 
tolerably  soluble  in  hydrochloric  acid.  When  heated  in  nitrogen 
to  200°  it  is  converted  into  030(0H)j.  Only  a  few  of  its  salts 
have  been  accurately  examined,  as  they  rapidly  undergo  decom- 
position in  solution. 

Osmium  Tetrachloride,  OsCl^,  is  obtained  by  heating  the  metal 
in  dry  chlorine.  It  forms  a  red  sublimate  which  dissolves  in 
water,  yielding  a  yellow  solution;  and  this  on  dilution  with 
more  water  attains  a  green  tint.  On  standing  the  eolntion 
becomes  colourless  with  separation  of  lower  oxides,  whilst 
hydrocldoric  acid  and  osmium  tetroxide  remain  in  solution. 

Pofassinin  Osmichloride,  K,OsClg,  is  obtained  by  gently 
heating  a  mixture  of  the  finely-divided  metal  with  potassium 
chloride  in  a  current  of  chlorine,  and  also  by  evaporating  the 
hydrochloric  acid  solution  of  the  tetroxide  with  potassiom 
chloride.  It  crystallizes  in  dark-brown  glistening  octohcdrona, 
which  yield  a  cinnabar-red  powder,  and  dissolve  in  water  with  a 
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yellow  colour.     Alcohol  precipitates  tlie  compound  from  this 
solution  in  the  form  of  a  reel  crystalline  powder. 

Sodium  Ostnichloridr,  Na„OsClg  +  2H,0,  is  obtained  in  a 
similar  way,  and  crystallines  in  long  orange-colourfd  prisius 
which  are  easily  soluble  in  water  and  alcohol. 

Ammoniuvi  Osmichloride,  (NH^)jOsClg,  is  obtained  by  the 
addition  of  powdered  sal-ammoniac  to  a  solution  of  the  sodium 
salt.  It  then  deposits  aa  a  red  cr}stalline  powder,  crystallizing 
from  dilute  solution  in  brown  octohedrons. 

Osmium  Trioxidc,  OsOj,  and  Oifmic  Acid,  HjOsO^,  are  neither  of 
them  known  in  the  free  state.  In  this  respect  osmium  resembles 
manganese. 

Potassium  Osmate,  KjOsO^  +  211,0,  is  obtained  on  the  addi- 
tion of  alcohol  or  other  reducing  agent  to  the  solution  of  the 
tetroxide  in  caustic  potash.  The  liquid  then  becomes  of  a  fine 
red  colour,  and  when  it  is  sufficiently  concentrated  tlie  salt 
separates  out  as  a  crystalline  powder.  When  slowly  crystallized 
it  forms  octohedrons  which  according  to  their  size  are  of  a  garnet- 
red  or  almost  black  colour.  They  possess  a  sweet  astringent 
taste,  and  do  not  undergo  change  on  e-xposure  to  dry  air,  but  both 
in  solution  and  in  moist  air  they  decompose,  especially  on  addi- 
tion of  an  acid,  with  formation  of  tetroxide  and  lower  oxides. 

The  sodium  salt  crystallizes  less  easily,  and  yields  an  aqueous 
solution  having  a  rose-red  colour,  from  which  barium  chloride 
precipitates  BaOsO^  as  an  amorphous  green  flocculent  precipitate, 
which  after  a  while  changes  to  black  shining  prismatic  crystals. 

Osmium  Tetroxide  (commonly  called  osmic  acid),  OsO^.  VeTy 
finely-divided  metallic  osmium  oxidizes  slowly  at  the  ordinary 
temperature,  and  at  about  400°  takes  fire  with  formation  of  the 
above  oxide.  The  denser  the  metal  the  higher  is  the  tempera- 
ture needed  for  oxidation.  Osmium  tetroxide  is  also  produced 
when  the  metal  is  heated  in  a  current  of  steam,  and  also  by 
dissolving  the  lower  oxides  or  the  metal  in  nitric  acid  or  aqua- 
rcgia.  These  reagents  however  do  not  attack  the  metal  after  it 
has  been  strongly  ignited.  Osmium  tetroxide  sublimes  in  trans- 
pai-ent  glistening  needles  which  become  soft  and  may  be 
moulded  in  the  hand  like  wax,  and  melt  at  a  lower  temperature 
than  this  substance.  They  begin  to  sublime  at  a  vcrv'  moderate 
heat,  and  the  fused  oxide  boils  at  100°,  yielding  a  colourless  vapour 
having  a  specific  gravity  of  889.  The  crystals  readily  dissolve 
in  water,  foi-ming  a  colourless  liquid  which  does  not  redden 
litmus  paper,  and  possesses  a  caustic  and  burning  taste.     It  has 
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a  most  powerful  penetrating  smell,  somewhat  analo;jou3  to  that 
of  chlorine  and  iodine.  A  very  small  qiiantity  of  vapour  mixed 
with  air  attacks  the  lungs,  giving  rise  to  verj'  serious  inflamma- 
tion  of  the  mucous  membranes.  As  an  antidote  to  the  efi'ecls 
of  the  osmio  acid  Claus  recommends  the  inlialation  of  sulphur- 
etted hydrogen,  which  however  must  be  cautiously  employed. 
Osmium  tetroxide  also  acts  violently  on  the  skin,  causing  a 
painful  eruption  which  can  be  removed  by  the  use  of  sulphur 
baths.  The  vapour  also  acts,  as  has  been  stated,  most  violently 
on  the  eyes,  and  may  produce  most  serious  consequences.* 

Wlien  heated  on  red-hot  charcoal  it  deflagrates  like  nitr&  It 
is  easily  converted  into  lower  oxides  by  reducing  sub- 
stances, and  its  alkaline  solution  when  boiled  with  a  salt  of 
fdrniic  acid  is  precij)itated  of  a  blue  colour.  If  osmium  tetroxide 
be  dissolved  in  alcohol  or  ether,  the  whole  of  the  osmium 
precipitates  on  standing  for  twenty-four  hours  as  tlie  tetrahy- 
droxide.  Sulphur  dioxide  colours  the  aqueous  solution  yellow, 
tlien  brown,  green,  and  at  last  indigo-blue. 
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666  Osmiamic  Acid,  "R^fi&^O^,  is  formed  by  the  action  of 
ammonia  on  the  tetroxide,  especially  in  the  presence  of  potash, 
because  the  potassium  salt  is  more  stuble  than  the  ammonium 
compound : 

20sO,  -I-  2NH5,  -I-  2K0H  =  Yi^Ts.fi&fi^  -f  O  -1-  4HjO. 

The  free  acid  is  obtained  by  decomposing  the  barium  salt  with 
dilute  sulphtuic  acid,  or  the  silver  salt  with  hydi'ochloric  acid. 
Tlie  light-yellow  solution  ri.'mains  in  the  dilute  state  without 
change  for  some  time.  In  tlie  concentrated  condition,  however, 
it  decompo.ses  witii  ev(jlution  uf  gas  and  separation  of  a  brown 
powder.* 

Potassium  Osr/imniate,  K.,N.^08jOj,  forms  orange-yellow  quad- 
ratic pjTamids,  which  dissolve  slowly  in  cold,  and  more  readily 
in  hot  water,  and  on  recrystallization  become  dark-coloured, 
owing  to  partial  decomposition. 

The  soilium  salt  is  more  i-eadily  soluble,  and  crj'stallizes  in 


'  Peville   anil 
liTviii.  150S». 
•  Prittschc  and  Stroviv 


Debi^y,  Ami.   Chim.  Phys.    [^,  Ivi. 
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large  prisms.  It  is  best  obtained  by  the  decomposition  of  the 
silver  salt  witli  sodium  cliloride.  The  barium  salt,  BaNjOsjOj, 
which  forms  glistening  yellow  easily-soluble  needles,  is  obtained 
by  a  similar  reaction. 

Silver  Osmiatnatc,  AgjX^OSgOj,  is  obtained  when  nitric  acid  is 
added  to  a  solution  containing  the  tetro.xide  and  silver  nitrate 
tlissolved  in  ammonia.  It  is  a  difficultly-soluble  orange-yellow 
crystalline  powder,  which  detonates  on  percussion  or  when 
heated. 
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667  Osmioxi/ammo7iivm  Hydroxide,  03(NHj)20(OH)j,  is 
obtained  by  dissolving  tlie  tetroxide  in  an  excess  of  concen- 
trateil  ammonia,  and  heating  the  reddish-yellow  solution  in  a 
closed  vessel  to  50'\  wlieu  a  black  jirecipitate  is  formed.  The 
flask  is  then  opened  and  the  solution  evaporated  at  a  low  tem- 
perature until  the  excess  of  ammonia  has  been  driven  otT.  The 
base  is  thus  obtained  in  the  form  of  a  blackish-brown  powder, 
which  when  heated  decomposes  with  rapid  evolution  of  gas. 
With  acids  it  forms  amorphous  salts. 

Osmioxydiamvio Ilium,  Chloride,  0s(NH3)^0jClj,  is  obtained  on 
the  addition  of  sal-ammoniac  to  a  solution  of  potassium  osraate, 
in  the  form  of  a  yellow  crystalline  precipitate  easily  soluble  in 
water,  the  solution  soon  undergoing  decomposition. 
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668  The  osmioeyanides  coiTcspond  closely  in  composition  and 
in  their  properties  to  the  ferrocyanides.  The  most  imjjortant 
of  these  compoinids  are  tlm  following : 

Osniiocyanic  Acid,  llfis.,{C^'S.^^,  is  deposited  in  the  form  of 
white  scales  on  the  addition  of  fuming  hydrochloric  acid 
to  a  solution  of  the  potassium  salt.  These  are  easily  soluble  in 
alcohol,  and  crystallizo  out  IVom  the  alcoholic  solution  on  the 
addition  of  ether  in  colourless  glistening  transparent  hexagonal  fl 
jirisms.  Its  aqueous  solution  has  an  acid  reaction,  and  fi-oiu 
it  osmious  cyanide,  Os(CN)j,  separates  out  as  a  dark-violet 
precipitate.  ■ 

Putaxsium  Osmiocyanidc,  'Kfis.JiC^.^^-^-  GH^O,  is  obtained  by 
dissolving  potassium  osmate  in  potassium  cyanide,  evaporating. 
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and  fusing  the  residue.  It  crystallizes  from  hot  water,  in  which 
it  is  easily  soluble,  in  yellow  quadratic  tables,  which  when 
heated  give  off  water  and  become  colourless.  Its  solution  yields 
a  light-blue  precipitate  with  I'erious  salts,  which  becomes  darker- 
coloured  on  exposure  to  air,  and  when  treated  with  nitric  acid  it 
is  converted  into  a  fine  violet-coloured  powder,  which  is  also 
obtained  by  precijiitating  the  potassium  salt  with  ferric  chloride. 
After  dryiug  it  fonns  a  fragile  mass  having  a  copper-red  colour, 
and  when  boiled  with  caustic  potash  it  yields  ferric  hydroxide 
and  potassium  osmiocyanide. 

Barivvi  OsmiocTjanide,  'R^^^Os{C^^^  +  611^0,  is  formed 
when  the  iron  precipitate  is  boiled  with  baryta-water.  It 
crystallizes  in  small  yellowi.sh-red  tran.spareut  rhombic  prisms. 
wliich  are  easily  soluble  in  water  and  alcohol 

Potassium  Barium  Osmioa/anide,  K^Ba,0so(C3NJ^  -|-  GH.jO,  is 
obtained  by  mi.xing  hot  solutions  of  the  potas.sium  and  barium 
salts.      On    cooling  small  yellow  oblique   rliombohedrons    are 

ifetallic  osmium  burns  when  heated  in  sulphur  vapour,  and 
sulphuretteil  hydrogen  throws  down  a  dark-yellow  sulphide  of 
osmium  from  the  hydrochloric  acid  solution  of  the  oxide.  This 
is  slightly  solu!)le  in  water,  giving  rise  to  a  dark-yellow  solution, 
and  easily  dissolves  in  nitric  acid. 

When  sulphuretted  hydrogen  is  passed  through  an  aqueous 
solution  of  osmium  tctroxide  a  brown  precipitate  of  osmium 
tetrasulphidc,  OsS^,  is  thrown  down.  This  is  not  soluble  in 
alkalis,  or  in  the  sulphides  of  the  alkali  metals. 
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669  The  presence  of  this  metal  may  be  most  easily  detected  by 
the  formation  of  the  volatile  strongly-smelluig  tetroxide.  Sul- 
l)Iniretted  hydrogen  throws  down  a  precipitate  of  the  sulphide, 
insoluble  in  s\ilpbide  of  ammonium.  If  a  solution  contain  a 
mixture  of  the  platinum  metals,  and  other  metals  precipitable 
by  sulphuretted  hydrogen,  this  gas  is  passed  into  the  liot  solu- 
tion so  long  as  a  precipitate  is  formed.  This  is  then  washed 
and  warmed  with  yellow  sulphide  of  ammonium,  when  platinum. 
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iridium,    gold,   &c.,   dissolve.      The  filtrate   is    then   acidified 
with  hydrochloric  aciJ,  the  precipitate  fused  witli  sodium  car- 
houate  and  sodium  nitrate,  and  the  fused  mass  lixiviated  with 
water,  the  residue  being  treated  according  to  the  method  already 
described   under  platiuuiu   (see  page  421).      In  this  way  the 
iridium  is  obtained  together  with  platinum  and  gold,  and  these 
may  be  readily  separated.     The  portion  insoluble  in  sulphide  of 
ammonium  is  then  fused  with  caustic  potash  and  potassium 
chlorate,  and  treated  with  water  iu  order  to  dissolve  the  potas- 
sium salts  of  nithenic  and  osmic  acids.    The  solution  is  care- 
fully neutralized  with  nitric  acid  in  order  to  separate  the  black 
oxide  of  ruthenium,  and  the  filtrate  distilled  with  nitric  acid, 
when  the  volatile  osmium  tetroxide  passes  over.     The  residue 
insoluble  in  water  is  gently  ignited  in  a  current  of  hydrogen, 
treated  with  dilute  nitric  acid,  when  pallailium  and  rhodium 
remain  behind,  and  these  are  separated  by  aqua-regia,  in  which 
the  latter  metal  is  insoluble. 

Osmium  is  usually  estimated  quantitatively  as  the  metaL  It 
is  separated  from  other  metals  as  the  volatile  tetroxide,  the 
vapours  of  which,  in  order  to  avoid  loss,  are  passed  into  caustic 
potash ;  and  alcohol  is  added  to  the  distillate  in  order  \o  form 
potassium  osmate,  and  the  solution  then  treated  with  sal- 
ammoniac  and  the  precipitated  osmioxydiammonium  chloride 
ignited  in  hydrogen  when  the  metal  is  obtained. 

The  afo7n,ic  weight  of  osmium  was  determined  by  Berzelius  in 
a  similar  way  to  that  of  platinum,  and  he  obtained  the  numl)er 
198  3,  whilst  Claus  and  Jakoby,^  who  investigated  many  of  the 
osmium  compounds,  obtained  the  number  1989.  The  mean  of 
the  two  estimations  is  198'6. 

»  Jf.  PcUrtb.  Acad.  £uU.  yi.  162. 
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SPECTRUM  ANALYSIS. 

670  The  following  pages  contain  a  short  statement  of  the 
principles  of  spectnim  analysis,  and  of  the  application  of  tliese 
principles  to  the  detection  of  certain  elementary  and  compound 
bodies.  A  complete  treatise  on  spectrum  analysis  would  here 
1«  out  of  place ;  for  the  suViject  has  not  only  now  outgrown  the 
space  which  can  be  assigned  to  it  in  a  work  like  the  present, 
but  much  diversity  of  opinion  is  still  expressed  on  various 
important  points,  and  a  discussion  of  tliese  views  cannot  here 
be  attempted. 

The  spectroscope,  next  to  the  balance,  is  the  most  useful  and 
important  instrument  winch  the  chemist  possesses.  Although 
it  has  only  Ijeen  employed  for  chemical  investigations  since  the 
year  1800,  it  has  been  the  means  of  effecting  some  of  the  most 
striking  discoveries  of  modern  times.  Hy  the  help  of  the  spec- 
troscope the  chemist  is  able  to  investigate  the  composition  of 
terrestrial  matter  with  a  degree  of  exactitude  hitherto  undreamt 
of,  and  the  discovery  of  the  following  new  elementary  bodies  are 
the  first-fruits  of  the  employment  of  this  instrument  in  chemical 
analysis: 

Caesium  and  Kubidium,  by  Kirchboff  and  Bunsen. 

Thallium,  by  Crookes, 

Indium,  by  Keich  and  Eichter. 

Gallium,  by  Lecoq  de  Boisbaudran, 

Ytterbium,  by  Marignac. 

Decipium  and  I'liili|>ium,  by  Delafontaine. 

Scandium,  by  Nilson. 

In  addition  to  this,  the  opjilication  of  the  methods  of  spec- 
trum analysis  to  the  investigation  of  the  nature  of  the  light 
emitted  by  the  heaveidy  bodies  has  opened  out  a  completely  new 
field  of  research,  and  has  laid  tlie  fuundations  of  a  new  science, 
Jhat  of  Celestial  Chemistry.  Such  has  been  the  progress  recently 
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made  in  this  direction  that  we  are  now  not  only  assured  of  the 
existence  of  many  of  our  well-known  terrestrial  metals  in  the 
Blniosplieres  of  the  sun  and  the  fixed  stars,  but  we  ha\e  gained 
a  knowledge  of  the  physical  condition  of  our  luminarj-  such  a» 
we  formerly  could  not  have  thought  possible,  and  have  even 
been  able  to  form  a  definite  opinion  concerning  the  physical 
and  chemical  constitution  of  the  nebulne. 

Further  research  has  also  shown  that  spectrum  analysis, 
which,  to  begin  with,  was  confined  to  the  qualitative  detection 
of  chemical  bodies,  may  possibly  be  made  to  yield  quantitative 
results,  so  that  a  mere  glance  through  a  spectroscope  may  siiffice 
to  obtain  a  knowledge  of  the  exact  quantitative  relations  existing 
between  various  substances  whose  spectra  are  under  examiua- 
tioa* 

Moreover,  it  would  appear  that  the  time  is  not  far  distant 
when  the  results  of  spectrum  observations  may  lead  to  most 
interesting  and  important  conclusions  respecting  the  molecular 
condition  of  matter,  especially  ot  temperatures  far  exceeding 
those  to  which  our  experiments  have  hitherto  been  confinetl, 
and  to  spectrum  analysis  Ave  must  also  turn  for  assistance  in 
our  endeavours  to  answer  the  important  question,  Are  the  ele- 
ments i-eally  undeconiposible  bodies  ?  Spectroscopic  and  other 
evidence  in  favour  cf  tliis  view  has  recently  been  put  forward 
by  Lockyer.*  The  subject  is  still  under  examination,  but  as  yet 
the  evidence  adduced  of  the  compound  nature  of  the  elements 
is  not  of  a  sufficiently  conclusive  character  to  warrant  its  intro- 
duction into  these  pages. 

671  Tlie  princijiles  upon  which  spectrum  analysis  is  founded  are 
simple  entnigli.  "When  any  number  of  solid  or  liquid  bodies  are 
gradually  lieated  they  w  ill  all  be  seen  to  become  luminous  at  the 
same  temperature.  If  the  light  wiiich  these  bodies  emit^  when 
they  begin  to  glow  or  become  luminous,  be  examined  by  means 
of  a  prism,  and  suitable  optictd  arr.mgements,  we  observe  that 
the  rays  of  least  refrangibility,  viz.  the  red  rays,  are  first  seen, 
and  tliat,  as  the  temperature  rises,  light  of  greater  refrangibility 
is  gradually  emitted,  until  at  la.st  the  body  gives  off  blue  or 
violet  rays.  AVhen  this  point  is  reached  the  substance  appears 
to  the  naked  eye  to  be  white-hot,  as  all  the  differently  coloured 
rays,  when  brought  together  on  to  the  retina,  produce  the  effect 

'  Lookyer  nnil  Rol>iTt».  Proc.  Ko;/.  Siic.  xii.  B07. 

'  "  Diwussioii  of  tlie  WorkiiiR  Hvpotlieais  that  the  Hornllcd  Elemeuta  t» 
ComiJOUQd  Bodii-o,"  Pro.  Jioy.  60c.  Dec.  12,  1878,  xjtviii.  ir.". 
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which  we  term  -white  light  It  is  thus  clear  that  the  spectrum 
of  every  incandescent  solid  or  liquid  is  the  same,  a  bright  con- 
tinuous coloured  band,  whose  rays  extend  without  a  break 
through  all  the  coloura  of  the  rainbow  from  red  to  violet.  The 
case  is,  however,  quite  dififerent  with  glowing  gases.  The  light 
which  these  bodies  emit  does  not  consist,  within  a  certain  limit, 
of  light  of  all  degrees  of  refrangibility.  The  spectrum  of  a 
glowing  gas,  instead  of  being  continuous,  is  more  or  less  broken 
up.  Incandescent  gases  only  emit  rays  of  definite  degrees  of 
refrangibility,  and  their  spectra  consist,  therefore,  of  bright  lines 
whose  position  undergoes  no  change  when  the  temperature  is 
increased.    Thus  the  vapour  of  sodium  emits  a  yellow  light 


fio.  175. 
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d  its  spectrum  consists  of  a  double  yellow  line  having  wave- 
ngths  of  5895  and  5889  ten-millionths  of  a  millimeter,  and 
heing  coincident  with  the  dark  lines  in  the  solar  spectrum 
termed  by  Fraunhofer  the  D  lines.  These  two  bright  sodium 
lines  do  not  alter  their  position  when  the  temperature  of  the 
vapour  is  raised;  sodium  vapour,  as  soon  as  it  becomes  luminous, 
glows  with  a  yellow  light,  and  by  no  increase  of  temperature 
can  it  be  made  white-hot.  The  peculiar  colour  of  incandescent 
sodium  vapour  is  best  seen  by  placing,  in  the  non-luminous  gas- 
flame,  a  small  bead  of  chloride  of  sofliura  fused  on  to  the  end 
if  a  fine  platinum  wire.  Tlie  salt  volatilizes,  and  the  flame  is 
coloured  intensely  yellow  (Fig,  175). 
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67a   Melville,  in  1752,  was    the  first  to  notice  this  yellow 
sodium  ilame,  hut  he  was  unacquainted  with  its  cause.     In  the 
year  1822,  Sir  David  Brewster  introduced  his  nionochromatic 
lamp,  tlie  first  idea  being,  however,  due  to  Melville.     In  this 
same  year  Sir  John  Herschel  investigated  the  spectra  of  many 
colomred  flames,   especially  those  obtained  by  means  of  the 
chlorides  of  copper  and  strontium,  as  well  as  by  boracic  acid, 
and  in  1827  he  writes  concerning  these  observations — "  the  colour 
tkus  contributed  by  different  objects  to  flame  affords  in  many 
cases   a  ready  and   neat  way  of  detecting  extremely  minau 
quantities  of  them."    Again,  Fox  Talbot  writes  as  follows  in 
1826  : — "  The  red  fire  of  the  tlieatres  gave  a  most  beantifd 
8i)ectrum,  with  many   lines  or  maxima  of  light     In  the  red 
these  lines  were  more  numerous,  and  crowded  with  dark  spaces 
between  them,  besides  an  exterior  ray  greatly  separated  from 
the  rest,  and  probably  due  to  the  nitre  in  the  composition.    In 
the  orange  was  one  bright  line,  one  in  the  yellow,  three  in  the 
green,  and  several  that  were  fainter."     The  extreme  delicacy  of 
the  sodium  reaction   and   the  univei'sal  distribution  of   this 
element  were  facts  unknown  to  Talbot,  and  he  consequently 
attributes  the  yellow  line  first  to  sulphur  nnd  afterwards  to  the 
presence  of  water.     He  adds,  "  if  this  opinion  " — as  to  the  cause 
of  the  production  of  the  lines — "  should  prove  correct  and  appli* 
calile  to  the  other  definite  rays,  a  glance  at  the  prismatic  spec- 
trum of  a  flame  might  show  it  to  contain  substances  which  it 
would  otherwise  require  a  laborious  chemical  analysis  to  detect" 
In  1 834  Talbot  again  writes : — "  Lithia  and  strontia  are  two 
bodies  cluimcterized  by  the  fine  red  tint  which  they  communicate 
to  the  flame.  Now  it  is  very  difficult  to  distinguish  the  lithia-red 
from  the  strontia-red  by  the  naked  eye,  but  the  prism  betrays 
between   them  the    most    marked   distinction   which   can  he 
imagined.    The  strontia  flame  exhibits  a  great  number  of  red 
rays  well  separated  from  each  other  by  dark  intervals,  not  to 
mention  an  orange  and  a  very  definite  bright  blue  ray,     Tlie 
lithia  exhibits  one  single  red  ray.     Hence  I  hesitate  not  to  say 
that  optical  analysis  can  distinguish  the  minutest  portions  of 
these  two  substances  from  each  other  with  as  much  certainty 
if  not  more  than  any  known  method." 

In  the  year  1845  Dr.  Wm,  Allen  Miller  published  the  rcsu 
of  experiments  on  the  spectra  of  coloured  flames,  together  with 
drawings,  but  owing  to  the  fact  that  in  these  researches  a 
luminous  flame  was  made  use  of,  the  representations  of  the 
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several  spectra  are  wanting  in  clearness  nud  individuality. 
Swan  was  the  first  to  point  out  that  the  blight  yellow  line  coin- 
cident with  Fraunhofer's  D,  which  was  seen  in  every  flame,  is 
caused  by  the  presence  of  sodium  salts,  and  it  is  to  him  that  we 
are  indebted  for  the  discovery  of  the  extreme  delicacy  of  the 
sodium  i-eaction,  and  for  the  proof  of  the  universal  distribution 
of  this  element. 

The  earliest  observations  of  the  spectra  of  metals  which 
cannot  be  volatilized  at  the  temperature  of  the  non-luminous 
gas-flame  were  made  in  1835  by  Wheatstona  He  allowed 
electric  sparks  to  pass  between  poles  of  different  metals,  and 
found  that  the  spectra  of  the  sparks  thus  obtained  were  dissi- 
milar. From  this  he  concluded  that  tlie  electric  spark  resxilted 
from  the  volatilization  of  the  metal  of  the  poles.  "  These 
differences,"  he  says,  "  are  so  obvious,  th.at  one  metal  may  easily 
be  distinguished  from  another  by  the  appearance  of  its  spark ; 
and  we  here  have  a  mode  of  discriminating  metallic  bodies 
more  readily  than  that  of  chemical  exnminatiou,  and  which 
may  hereafter  be  employed  for  useful  purposes." 

In  18-55  Angstrom  thoroughly  investigated  the  nature  of  the 
electric  spark,  proving  the  important  fact  that  the  spark  yields 
two  superimposed  spectra ;  one  derived  from  the  metal  of  the 
pole,  and  the  other  from  the  gas  or  air  through  which  the  spark 


The  results  obtained  by  the  above-mentioned  obseiTers 
were,  however,  but  little  known,  and  the  method  was  never 
appliftl  to  the  solution  of  problems  in  analytical  chemistry, 
until  the  year  18G0,  when  Bunsen  and  KirclihotV  began  their 
classical  researches.  It  is  to  these  two  philosophers  tliat  we 
must  in  truth  ascribe  the  discovery  of  the  spectrum  analytical 
method,  for  they  were  the  first  to  bring  to  bear  upon  this  subject 
the  sound  principles  of  modern  research,  and  to  establish  it  upon 
tlie  firm  foundation  of  exact  experiment.^  Their  labours  soon 
met  with  their  rewaril  A  new  alkaline  metal  (cajsium)  was 
almost  immediately  discovered,*  and  the  presence  of  various 
well-known  metals  in  the  solar  atmosphere  was  at  the  same  time 
ascertained  beyond  doubt.* 

•  KirrlihnfT nnil  RunMn,  "Chemical  Analysis  by  Spectmra  OlMerTRtions,"  Me- 
moir I.  Phil.  Mag.  [A],  xx.  89  ;  ditto,  Memoir  II.  PhU.  Hag.  [4],  xxii.  829,  4B8. 

'  Berlin  Acttt.  Brr.  May  10,  18«0  ;  Ch^m.  A«ir».  iii.  132. 

•  Jitrlin  Arod.  Btr.  Oct.  27,  165»;  Phil.  Hag.  [4],  xix.  193. 
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CONSTRUCTION  AND  USE  OF  THE 
SPECTROSCOPE. 

673  The  construction  and  arrangement  of  a  spectroscope  best 
suited  to  ordinarj'  chemical  puiiioses  is  shown  in  Fig.  176.  This 
instrument  consists  of  a  prism  {a)  fixed  upon  a  firm  iron  stand, 
and  a  tube  (h)  carrj'ing  the  slit  (d),  seen  on  an  enlarged  scale 
in  Fig.  178,  through  which  the  rays  fj'om  the  coloured  flame 
(e  and  e')  fall  upon  the  prism,  being  rendered  parallel  by  pass- 
ing through  a  lens.  The  light,  having  been  refracted,  is  received 
by  the  telescope  (/),  and  the  image  magnified  before  reaching 
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the  eya    The  rays  from  each  flame  are  made  to  pass  into  the 
telescope  (/) ;  one  sot  tlirough  the  upper  uncovered  half  of  the 
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slit,  the  other  by  reflection  from  the  sides  of  the  small  prism  (f 
Figs.  177  and  178),  through  the  lower  half;  thus  bringing  the 
two  specb-a  into  the  field  of  view  at  once,  so  aa  to  be  able  to 
make  any  wished-for   comparison   of    the   lines.      The   sninll 
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luraiuous  gas-flame  (k.  Fig.  176)  is  placed  so  as  to  illuminate 
a  fixed  scale  contained  inside  the  tube  (jj) ;  this  is  reflected 
from  the  surface  of  the  prism  (a)  into  the  telescope,  and  serves 
as  a  means  of  measuring  the  position  of  the  linea.  The  rays 
from  one  of  the  flames  pass  direct  through  the  upper  part  of  the 
slit,  whilst  those  (a)  from  the  other  flame,  placed  ou  one  side, 
are  reflected  (by  total  or  internal  reflection)  from  tlie  surface  of 
the  prism  through  the  lower  part  of  the  slit  in  the  direction 
indicated  by  Fig.  177.  The  object  of  this  superposition  of 
the  spectra  is  evident:  it  is  to  enable  us  to  see  wliether  the 
substance  under  examination  really  is  the  body  which  it  la 
supposed  to  be.  For  instance,  if  we  place  a  small  quantity  of 
tlie  substance  which  we  know  to  contain  sotlium  in  the  one 
flame,  and  some  of  tlie  substince  to  be  tested  in  tlie  other,  and 
then,  if  the  spectra  of  these  two  flames  be  sent  into  the  tele- 
scope one  above  the  other  by  means  of  a  small  reflecting  prism 
placed  on  the  end  of  the  slit,  we  see  at  the  same  time  the 
spectrum  of  the  pure  sodium  and  the  spectrum  supposed  to 
he  that  of  sodium ;  and  we  can  readily  observe  whether  the 
lines  coincide.  If  they  coincide,  and  tlie  two  spectra  have  these 
lines  exactly  continuous  one  below  the  other,  then  we  are  quite 
certain  that  sodium,  or  any  other  substance  which  we  may  have 
been  investigating,  is  present. 

An  improvement  has  recently  been  made  by  the  construction 
of  spectroscopes  pro\'ided  with  illumination-scales,  which  are 
divided  and  numbered  so  as  to  permit  of  the  direct  determination 
of  the  wave-length  of  any  region  of  the  visible  spectrum. 
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The  scale  is  similar  to  that  sliown  in  Fig.  179.  It  gives 
wave-lengths  in  fractions  of  y^'^^  of  a  millimeter,  in  accordance 
with  the  determinations  of  Angstrom.  The  divisions  of  the 
scale  enable  the  observer  to  read  directly  to  the  second  place  of 
decimals,  and  to  estimate  the  third  place. 
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Thus  the  wave-length  of  Fraunhofer's  line  E  is,  according  to 
Angstrom,  0  0005273  mm.  or  ^0  5273.  In  an  instrument  made 
by  Zeiss  of  Jenix,  the  observer  would  at  once  see  that  the  line 
was  placed  between  division  52  and  53,  and  he  would  determine 
the  fraction  of  the  division  to  within  one-tenth,  but  probably 
much  nearer ;  the  reading  would  probably  be  527,  which  would 
give  him  the  wave-length  /iO'527.  As  a  result  of  many  observa- 
tions we  have  found  that  the  mean  error  in  the  case  of  un- 
experienced observers  is  not  greater  than  +  0000001  of  a  milli- 
meter. In  the  regions  of  the  spectrum  with  a  lower  wave-length 
than  D  the  error  is  less. 

674  Another  and  more  complete  form  of  spectroscope,  used  by 
Kirchhoff  and  especially  adapted  for  physical  research,  is  repre- 
sented in  Fig.  180.     lu  this  instruuient  the  rays  pass  through 


Fio.  180, 


four  flint-glass  prisma,  and  the  dispersion  is  consequently  much 
greater  and  the  spectrum  much  longer  than  when  only  one 
prism  is  used.  The  intensity  of  the  light  is,  however,  much 
weakened  by  passing  through  these  prisms,  and  hence  this  form 
of  spectroscope,  although  the  most  accurate,  can  only  be  era- 
ployed  when  the  source  of  light  is  of  considerable  intensity. 
The  following  description  of  the  arrangement  and  mode  of 
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using  the  spectroscope  is  given  by  Bunsen  and  Kirchhoff : — 
The  telescope  (/)  is  first  drawn  out  so  far  that  a  distant  object 
is  plainly  seen,  and  screwed  into  the  ring,  in  which  it  is  held, 
care  being  taken  to  loosen  the  screws  beforehand  ;  the  tube  (b) 
is  then  brought  into  its  place,  and  the  axis  of  B  brought  into  a  ■ 
straight  line  with  that  of  (b).  The  slit  is  then  drawn  out  until 
it  is  distinctly  seen  on  looking  through  the  telescoije,  and  this 
latter  is  then  fixed  by  moving  the  screws,  so  that  the  middle  of 
the  slit  is  seen  in  about  the  middle  of  the  field  of  view.  After 
removing  the  small  spring,  the  prism  is  next  placed  on  the  brass 
plate,  and  fastened  in  the  position  which  is  marked  for  it,  and 
secured  by  screwing  down  the  spring.  If  the  axis  of  the  tube 
(h)  be  now  directed  towards  a  bright  surface,  such  as  the  flame 
of  a  candle,  the  spectrum  of  the  flame  is  seen  in  the  lower  half 
of  the  field  of  the  telescope  on  moving  the  latter  through  a 
certain  angle  round  the  axis  of  the  foot,  \\''hen  the  telescope 
has  been  placed  in  position,  the  tube  (</)  is  fastened  on  to  the 
arm  belonging  to  it,  and  this  is  turned  through  an  angle  round 
the  axis  of  the  foot,  such  that,  when  a  light  is  allowed  to  fall  on 
the  divided  scale,  the  image  of  the  scale  is  seen  through  the 
telescope  (/),  reflected  from  the  nearer  face  of  the  prism ;  this 
image  is  brought  exactly  into  focus  by  altering  the  position  of 
the  scale  in  the  tube  {(/) ;  and  by  turning  tliis  tube  on  its  axis 
it  is  easy  to  make  the  line  in  which  one  side  of  the  division  on 
the  scale  lies  pai-allcl  with  tlie  line  di\-idmg  the  two  spectra,  and 
by  means  of  tlie  screw  (<£)  to  bring  these  two  lines  to  coincide. 

In  order  to  bring  the  two  sources  of  light  (c  and  e")  into  posi- 
tion, two  methods  njay  be  employed.  One  of  these  depends 
upon  tlie  existence  of  bright  lines  in  the  inner  cone  of  the 
colourless  gas-flame,  which  have  been  so  carefully  examined  by 
•Swan.  If  the  lamp  (<•)  be  pushed  past  the  slit,  a  point  is  easily 
found  at  which  these  lines  become  visible ;  the  lamp  must  then 
be  pushed  still  further  to  the  left,  until  these  lines  nearly  or 
entirely  disappear  ;  the  right  mantle  of  the  flame  is  now  before 
tlie  slit,  and  into  this  the  bead  of  the  sutetance  must  be  brought 
In  the  same  way  the  position  of  the  source  of  light  (<;')  may  be 
ascertained. 

The  second  method  is  as  follows :  The  telescope  (/)  is  so 
placed  that  the  brightest  portion  of  the  spectrum  of  the  flame 
of  a  candle  is  seen  in  about  the  middle  of  the  field  of  view  ;  the 
flame  is  then  placed  before  the  ocular  in  the  direction  of 
the  axis  of  the  telescope ;   and  llie  position  before  the   slit 


Li 


474 


SPECTRUM  ANALYSIS. 


determined  in  which  the  upper  half  of  the  slit  appears  to  lie  tbe 
brightest ;  the  lamp  (e)  is  then  placed  so  that  the  slit  appears 
behind  that  portion  of  the  ilame  from  which  the  most  lijjht  is 
given  off  after  the  introduction  of  the  bead.  In  a  similar  way 
the  position  of  the  lamp  (e')  is  determined  by  looking  through 
the  small  prism  and  tlie  lower  half  of  the  slit 

By  means  of  the  screw  the  breadth  of  the  slit  can  be  regulated 
in  accordance  with  the  intensity  of  the  light  and  the  dt^jree  of 
purity  of  spectrum  which  is  required.  To  cut  off  foreign  light 
a  black  cloth,  having  a  circular  opening  to  admit  the  tube  (j),  is 
thrown  over  the  prism  (a)  and  the  tubes  (b  and/).  The  illumi- 
nation of  the  scale  is  effected  by  means  of  a  luminous  gas-flame 
placed  before  it ;  the  light  can,  if  necessary,  be  lessened  by 
placing  a  silver  paper  screen  close  before  the  pcahj.  The  degree 
of  illumination  suited  to  the  spectrum  under  examination  can 
then  be  easily  found  by  placing  this  flame  at  difiereat  distancea. 
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675  In  order  to  obtain  the  peculiar  spectrum  of  a  chemical 
substance  it  is  necessaiy  that  the  light  be  examined  which  this 
substance  emits  in  a  state  of  glowing  gas.  The  method  which 
must  be  employed  for  this  purpose  differs  accordiug  as  tlie 
substance  is  solid,  liquid,  or  gaseous.  If  the  l»ody  be  a  gas 
at  the  ordinary  temperature  the  gaseous  particles  can  be  Tna<ie 
to  glow,  and  then  to  emit  the  rays  which  are  peculiar  to  them, 
by  passiug  an  electric  discharge  through  them.     The  colour  uf  j 


the  electric  spark  or  discharge  will  then  bo  found  to  vary  ae- 
cording  to  the  nature  of  the  gas.  and  an  examination  by  means 
of  a  spectroscope  of  the  light  then  emitted  reveals  the  cliiuac- 
teristic  spectrum  of  the  gas.  The  examination  of  tJie  spectra  of 
pases  is  best  effected  by  means  of  Gcijixlcr's  Tuhcs  (Fig.  ISl). 
These  contain  the  gases  in  a  highly  rarefied  condition,  and  ai 


■Hdl^i^^HHiii 


tfMi 


FLAME-SPECTRA  AND  SPARK-SPECTRA. 


475 


fnriushed  with  platinum  or  alumini\ini  wires  melted  through  the 
|1nss,  and   as  the  rarefied  gases  offer  little  resistance  to  the 
sage  of  the  electricity,  the  discharge  passes  readily  through 
long  narrow  tube,  heating  up  in  its  passage  the  particles  of 
8,  and  thus  producing  a  column  of  brightly  luminous  gas. 
'Liquids  which  are  easily  volatilized  can  also  be  examined  in 
Jrhis  way. 

FLAME-SPECTRA. 

676  Less  volatile  substances,  such  as  the  salts  of  the  metals  of 
the  alkalis  and  alkaline  earths,  may  be  placed  upou  a  line 
platiuuni  wire,  and  this  then  brought  into  the  non-luminous 
flame.  The  salts  tliere  volatilize,  the  flame  becomes  tinged  of  a 
characteristic  colour,  and  this  coloured  flame,  when  examined  by 
the  spectroscope,  exhibits  the  peculiar  spectrum  of  the  given 
substance. 

SPARK-SPECTRA. 

677  Again,  when  the  substance  is  non-volatile  at  the  tempera- 
ture of  the  non-luminous  flame,  as  is  the  case  with  most  metals, 
and  requires  a  much  higher  temperature  to  convert  it  into  gas, 

.either  a  powerful  electric  spark  or  the  electric  arc  must  be 
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employed.  The  airangement  used  for  obtaining  the  spectra 
ioi  metals  by  means  of  the  electric  spark  is  seen  iu  Fig.  182. 
jit  is  only  ueccssarj-  to  allow  a  powerful  and  bright  spark  to 
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pass  between  poles  made  of  the  metal  in  question  to  obtain 
the  characteristic  brigbt-Iine  spectrum  of  the  metal,  although  it 
is  to  be  remembered  that  tlie  briglit  lines  of  the  gases  through 
which  the  spark  passes  (the  air  lines)  will  likewise  be  observed. 


VARIATION  OBSERVED  IN  SPECTRA. 
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678  If  we  compare  the  spectra  of  the  various  elements  ob- 
tained according  to  one  or  other  of  the  above  methods,  we 
find  that  each  yields  a  characteristic  spectrum,  consisting  of 
a  larger  or  smaller  number  of  bright  lines.  These  lines  do 
not  undergo  any  alteration  in  relative  position,  or  in  degree 
of  refrangibility,  when  the  temperature  is  increased.  The 
sodium  double  yellow  line  D  is  always  seen  at  the  same 
position  of  the  spectrum,  viz.,  wave-lengths  5895  and  5889, 
to  whatever  temperature  the  vapour  may  be  raised.  The 
number  of  lines  visible  in  any  given  spectrum,  as  well  as 
their  relative  intensities,  may,  on  the  contrary,  undergo  con- 
siderable changes  dependent  upon  the  temperature  of  the 
glowing  gas,  the  pressure  to  which  it  is  subjected,  and  the 
thickness  of  the  incandescent  layer.  Thus,  for  example,  the 
spectrum  of  lithium,  as  obtained  by  placing  some  salt  of  the 
metal  in  a  non-luminous  gas-flame,  consists  of  one  very  bright 


red  line,  Li.  o,  w.  L  6705,  and  a  very  faint  orange  line,  Li.  0, 
w.  1.  6102.  If,  however,  the  spectrum  of  lithium,  obtained 
by  placing  some  of  its  salts  in  the  electric  axe,  or  even  in  the 
oxyhydrogen  flame,  be  e.xamined,  a  new  and  splendid  blue  lino 
(LL  7),  having  a  wave-length  of  4603,  makes  its  appearance. 
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The  same  phenomenon  ia  observed  in  the  case  of  the  stron- 
tium spectrum,  where  uo  less  than  four  new  lines  (e,  rj,  k,  and 
X,  Fig.  183)  make  their  appearance  on  increasing  the  tempera- 
ture of  the  incandescent  vapour  of  the  metal 

In  like  manner  hydrogen,  when  examined  by  the  ordinary 
electric  spark,  or  in  au  ordinary  Geissler's  tube,  yields  a  spec- 
trum which  consists  of  four  lines,  viz. : 

H  a  coiucidcnt  with  Frannliofer'a  line  C  in  the  rrd    ,    ,     .  wnre-length  6562. 

H  ^       „                          „                   F    „      b.iiUli  gwfu  „          <861. 

Hy        „                           „                    0    „       iudigo  .     .  „           4340. 

HI        „                          „                   h    „      violet     .    .  „          4101. 

The  lines  H  o,  H  /9,  mid  H  7  are  seen  to  be  very  bright  when 
the  gas  is  rarefied  to  a  certain  point ;  but  if  this  rarefaction  be 
carried  on  further  the  line  H  a  gradually  disappears,  whilst  H  ^, 
though  fainter,  remaiiis  well  defined.  If,  on  the  other  hand,  the 
intensity  of  the  spnrk  is  increased,  the  bands  H  0  and  H  7 
begin  to  broaden,  and  when  the  tension  of  the  gas  is  increased 
to  360  mm.,  and  a  Lt-yJen  jar  is  introduced  into  the  circuit,  the 
bright  lines  are  found  to  give  waj'  to  a  continuous  spectrum. 

Incandescent  gas  may,  under  certain  conditions,  emit  a 
continuous  spectrum.  Kirchhoff  hns  shown  that  when  the 
temperature  or  density  of  a  glowing  gas  is  increased,  and  the 
luminosity  of  the  spectmm  becomes  greater,  the  dark  portions 
of  the  spectrum  must  increase  in  luminosity  more  rapidly  than 
the  bright  portions.  Hence  it  does  not  appear  surprising  that 
by  increase  of  temperature  and  pressure  the  spectrum,  originally 
^^  consisting  of  bright  lines  or  bands  upon  a  scarcely  ^'isible  con- 
^■tinuous  background,  should  by  degrees  change  into  a  spectrum 
^■exhibiting  all  the  colours  in  equal  intensity. 
^^  Still  we  must  remember  that  other  explanations  of  the  fact 
^^that  gas  gives  a  continuous  spectrum  may  be  found;  and  on 
^Kthe  other  band  many  gases  give  continuous  spectra  when  the 
^^temperature  is  lowered. 


SPECTRA  OF  METALS  AND  NON-METALS. 


679  The  spectra  of  the  non-metallic  elements  differ  in  several 
respects  from  those  of  the  metals,  to  which  latter  class  hydrogen, 
by  A-irtue  of  its  cliemical  relations,  may  be  considered  to  belong. 
Metals  yield  spectra  made  up  of  well-defined  sharp  lines,  the 
breadth  of  eacli  of  which  is  limited  only  by  the  breadth  of 
the  slit     Tljese  bright  lines  undei-go  no  change  of  refrangibility 
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within  wide  variations  of  tempei-ature.      Such  a  spectrum  a 
called  a  linc-spcdnim 

The  spectrum  of  a  non-metal  as  obtained  at  comparatively 
low  temperatures  presents  a  totally  different  aspect.  Instead  of 
consisting  of  fine  bright  lines,  it  is  made  up  of  bright  bands 
the  breadth  of  which  is  independent  of  the  breadth  of  the  sUt, 
and  which  often  succeed  each  other  in  the  spectrum  in  regular 
order.     Hence  these  are  termed  chiiniulkd-spacc  spectra. 

Attempts  have  been  made  to  chissify  the  elements  acconl- 
ing  to  their  emission  spectra ;  that  is,  to  draw  a  distinction  be- 
tween the  spectm  of  the  metals  and  those  of  the  non-metallic 
elements,  ur  even  to  group  the  metals  according  to  their  spectra. 
To  a  certain  extent  these  attempts  have  been  successfuL  Thus, 
for  example,  the  compounds  of  sodium,  potassium,  lithium, 
calcium,  and  rubidium,  when  brought  into  the  flame  of  a 
liunsen  burner  exhibit  their  metallic  spectra,  so  that  the 
spectra  of  their  chlorides  or  oxides  have  not  been  obtained, 
unless,  indeed,  one  of  the  red  bands  of  potassium  may  be  due 
to  the  oxide,  and  this  has  not  been  satisfactorily  proved.  On 
the  other  hand,  when  the  salts  of  calcium,  barium,  and  stron- 
tium are  brought  into  tlie  flame  only  the  brightest  of  the 
metallic  lines  are  visible,  whilst  a  strong  spectrum  of  their 
oxides  is  seen.  The  spark  of  similar  elements  also  show  a 
certain  similarity.  Thus  iron,  cobalt,  and  nickel  give  spectra 
containing  a  great  number  of  lines  distributed  in  series  of 
groups  throughout  the  spectrum.  Zinc  and  cadmium,  on  the 
other  hand,  show  few  Hncs,  and  these  stand  by  themselves,  and 
are  not  grouped  together.  These  and  other  similarities  have 
been  pointed  out  at  various  times,  but  some  of  the  conclusions 
must  be  received  with  caution,  as  the  similarities  in  many  cases 
are  simply  consequences  of  similar  chemical  properties  of  the 
metals  in  one  group.  Tluis  tlie  fact  that  the  alkalis  give  mcUlUc 
spectra  at  the  temperature  of  the  flame,  and  that  we  cannot 
obUiin  the  spectra  of  tlieir  haloid  compouuds,  simply  means  that 
these  metals  are  easily  volatile,  and  that  their  haloid  compouuds 
are  decomposed  at  a  temperature  below  that  of  the  flume.  Cal- 
cium, barium,  and  strontium,  being  less  volatile,  and  forming 
compounds  which  are  more  stable  at  high  temperatures,  chiefly 
exhibit  the  spectra  of  the  oxide  when  thus  treated. 

Recent  researches  have  however  rather  tended  to  destroy  any 
sharp  line  of  demarcation  between  the  spectra  of  metals  and 
nou-metals,  for  although  Pliicker  first  observed  a  channelled- 
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Space  spectrum  iu  the  case  of  several  metalloids,  it  has  since 
Iteen  shown  tliat  the  absorption  spectra  of  very  many  nietala 
consist  of  channelled  spaces  ;  on  the  other  hand,  oxygen,  except  at 
the  negative  polo,  gives  no  chiinuelled-space  spectrum,  but  a  line- 
spectrum,  wliilst  under  the  same  circumstances  the  nitrogen  spec- 
trum consists  of  a  channelled-space  one.  On  the  wliole,  however, 
it  may  be  said  that  the  channelled-space  spectra  of  the  metal- 
loids are  more  stable  and  exist  at  higher  temperatures  than  the 
channelled-space  spectra  of  the  metals.  When  the  non-metallic 
element  is  heated  much  more  strongly,  tliis  channelled-space 
spectrum  is  found  to  give  place  to  a  fine  line-spectrum,  and  this 
does  not  undergo  any  further  alteration  upon  increase  of  tem- 
perature. Thus  sulphur,  when  it  burns  in  the  air  or  in  oxygen 
gives  rise  to  a  continuous  spectrum,  but  if  a  little  sulfihur  be 
introduced  into  a  Geissler'a  tube  and  tlio  air  witlnlrawu,  a  hand 
spednim  is  seen  upon  warming  the  tube  and  i)astiing  an  electric 
discharge  through  it  On  continuing  to  heat  the  tube  the  band 
spectrum  changes  to  one  of  permanent  bright  lines. 

SPECTRA  OF  COMPOUNDS. 

680  Chemical  compounds  yield  a  third  order  of  spectra.  Certain 
chemical  compounds  can  be  volatilized  in  the  non-luminous  gas- 
flame  without  undergoing  decomposition.  Thus  if  a  bead  of 
calcium  chloride  be  brought  into  the  flame  a  reddish  tint  is 


Fig.  184. 


observed,  caused  by  the  volatilization  of  the  salt.  Tlie  spectrum 
of  this  coloured  flame  consists  of  a  series  of  differently  coloured 
road  bands,  whose  position   is  indicated   by  No.  1,  Fig.  184 
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If  now,  the  same  bead  be  placed  between  two  metallic  poles, 
and  a  bright  electric  spark  be  allowed  to  strike  round  the 
bead,  the  spark  is  seen  to  assume  a  bright-red  tint,  and  when 
this  coloured  spark  is  observed  by  means  of  a  spectroscope  a 
spectrum  of  fine  bright  L'nes,  shown  in  No.  2,  Fig.  184,  is  seen. 
In  the  first  instance  the  spectrum  is  that  of  an  incandescent 
calcium  compound ;  in  the  second  it  is  that  of  the  metal  itself. 

APPLICATION  OF  THE  SPECTROSCOPE  TO 
CHEMICAL  ANALYSIS. 

68i  Tliis  instrument  is  especially  valuable  in  the  ordinary  qua- 
litative analysis  for  the  detection  of  the  metals  of  the  alkalis  and 
alkaline  earths,  and  of  the  new  metals  thallium,  indium,  and 
gallium,  inaamuch  as  the  salts  of  the  above  metals  can  be 
volatilized  in  the  non-luminous  gas-flame.  The  following  extract 
from  Bunsen  and  KircliboflTs  memoir  on  this  subject  gix-es  some 
idea  of  the  ease  and  accuracy  with  which  the  presence  of  certain 
of  these  metals  can  be  detected,  and  leads  to  the  conclusion  that 
sodium  salts  are  universally  distributed: 

"  ITie  following  experiment  shows  that  the  chemist  possesses 
no  reaction  which  in  the  slightest  degree  will  bear  comparison 
as  regards  delicacy  with  this  spectrum  analytical  determina- 
tion of  sodium.  In  a  far  corner  of  our  experiment  room, 
the  capacity  of  which  was  about  sixty  cubic  meters,  we  burnt 
a  mi-Klure  of  three  mUh'grams  of  chlorate  of  soiHnm  with 
milk-sugar,  whilst  the  non-luminous  colourless  flame  of  the 
lamp  was  observed  through  the  slit  of  the  telescope.  Within 
a  few  minutes  the  flame,  which  gradually  became  pale  yellow, 
gave  a  distinct  sodium  line,  which,  after  lasting  for  ten  minntes, 
entirely  disappeared.  From  the  weight  of  sodium  salt  burned 
and  the  capacity  of  the  room,  it  is  easy  to  calculate  that  in  one 
part  by  weight  of  air  there  is  suspended  less  than  ny.oinr.iTv.iwii 
of  a  part  of  soda  smoke.  As  the  reaction  can  be  observed 
with  all  possible  comfort  in  one  second,  and  as  in  this  time  the 
quantity  of  air,  which  is  heated  to  ignition  by  the  flame,  is 
found  to  be  only  about  50  cub.  cent  or  00647  grm.  of  air, 
containing  less  than  rir.^nny.jTnr.tnnr  °^  sodium  salt,  it  foUowsi 
that  the  eye  is  able  to  detect  with  the  greatest  ease  quantities  of 
sodium  salt  less  than  v.^rcroinnr  °^  ^  milligram  in  weight 
With  a  reaction  so  delicate,  it  is  easy  to  understand  why  a 
sodium  reaction  is  almost  always  noticed  in  ignited  atmospheric 
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air.  More  than  two-tliirds  of  the  earth's  sarfiMe  is  covered  with 
a  solutioa  of  chloride  of  sodium,  fine  particles  of  vrhich  an 
continuaUy  being  carried  into  the  air  by  the  action  of  tJie 
waves.  These  particles  of  sea-water  cast  thus  into  the  atmosphere 
evaporate,  leaving  almost  inconceivably  small  residues,  which 
floating  about,  are  almost  always  present  in  the  air.  and  are  ren- 
dered evident  to  our  eyes  in  the  sunbeams.  These  minute  particles 
perhaps  serve  to  supply  the  smaller  organized  bodies  with  the 
salt  which  larger  animals  and  plants  obtain  from  the  ground. 
In  another  point  of  view,  however,  the  presence  of  this  chloride 
of  sodium  is  of  interest.  If,  as  is  scarcely  doubtfid  at  the 
present  time,  the  explanation  of  the  spread  of  contagious  disease 
is  to  be  sought  for  in  some  peculiar  contact  action,  it  is  possible 
that  the  presence  of  so  antiseptic  a  substance  as  chloride  of 
sodium,  even  in  almost  infinitely  small  quantities,  may  not  be 
without  influence  upon  such  occurrences  in  the  atmosphere. 

"  By  means  of  daily  and  long-continued  spectrum  observations, 
it  would  be  easy  to  discover  whether  the  alterations  of  intensity 
in  die  line  Naa  produced  by  the  sodium  in  the  air  have  any 
connection  with  the  appearance  and  the  direction  of  march  of  an 
epidemic  disease. 

"The  unexampled  delicacy  of  the  sodium  reaction  explains 
also  the  well-observed  fact,  that  all  bodies  after  a  lengthened 
exposure  to  the  air  show  the  sodium  line  when  brought  into  a 
flame,  and  that  it  is  only  possible  in  a  few  salts  to  get  rid 
of  the  line  even  after  repeated  crystallization  from  water  which 
bad  oidy  been  in  contact  with  platinum,  A  thin  platinum 
wire  freed  from  every  trace  of  sodium  salt  by  ignition,  shows  the 
reaction  most  visibly  on  allowing  it  to  stand  for  a  few  hours  in 
the  air ;  in  the  same  way  the  dust  which  settles  from  the  air  in 
a  room  shows  the  bright  line  Naa.  To  render  this  evident  it  is 
only  necessary  to  knock  a  dusty  book,  for  instance,  at  a  distance 
some  feet  from  the  flame,  wlien  a  wonderfully  bright  flash  of 
yellow  band  is  seen." 

In  like  manner  the  metal  lithium  before  the  year  1860  was 
known  oidy  to  exist  in  a  few  rare  minerals.  It  is  now  ascer- 
tained that  lithium  compounds  are  most  widely  distributed, 
occurring  not  only  in  every  mineral  spring,  but  ia  river-  and 
sea-water,  in  the  juices  of  almost  every  plant,  and  even  in 
human  blood  and  muscular  tissue. 

683  Again,  to  quote  from  Bunsen's  Memoir :  "  Minerals  contain- 
ing lithium,  such  as  triphylline,  triphane,  petalite,  and  lepidolite 
113 


m 


SPECTRUM  ANALYSia 


require  only  to  be  held  in  the  flame  in  order  to  obtain  the 
bright  line  in  the  most  satisfactory  maimer.  In  this  way  the 
presence  of  lithium  in  many  felspars  can  be  directly  detected; 
as,  for  iastiiuce,  in  the  orthoclase  from  Baveno.  The  line  is 
only  seen  for  a  few  moments,  directly  after  the  mineral  is 
brought  into  the  flame.  In  the  same  way  the  mica  from 
Altenburg  and  Peuig  was  found  to  contain  lithium,  whereas 
micas  from  Miask,  Aschaffenburg,  Modum,  Bengal,  Pennsyl- 
vania, &c.,  were  found  to  be  free  from  this  metal  In  natural 
silicates  wliich  contain  only  small  traces  of  lithium  this 
metal  is  not  observed  so  readily.  The  examination  is  best 
conducted  as  follows:  A  small  portion  of  the  substance  is 
digested  and  evaporated  with  hydrofluoric  acid  or  fluoride  of 
ammonium,  the  residue  moistened  with  sulphuric  acid  and 
heated,  the  dry  mass  being  dissolved  in  absolute  alcohol  The 
alcoholic  extract  is  then  evaporated,  the  dried  mass  again  dis- 
solved in  alcohol,  and  the  extract  allowed  to  evaporate  on  a 
shallow  glass  dish.  The  solid  pellicle  which  remains  is  scraped 
off  with  a  fine  knife,  and  brought  into  the  flame  by  the  thin 
platinum  wire.  For  one  experiment  i\jth  of  a  milligram  is 
in  general  quite  a  sufficient  quantity.  Other  compounds  besides 
the  silicates,  in  which  small  traces  of  lithium  require  to  be 
detected,  are  transformed  into  sulphates  by  evaporation  with 
Bulphuric  acid  or  otherwise,  and  then  treated  in  the  manner 
described. 

"  In  this  way  we  arrive  at  the  unexpected  conclusion  that 
lithium  is  most  widely  distributed  throughout  nature,  occurring 
in  almost  all  bodies.  Lithium  was  easily  detected  in  forty  cubic 
centimeters  of  water  of  the  Atlantic  Ocean,  collected  in  41°  41' 
N.  latitude  and  39'  14'  W.  longitude, 

"  Ashes  of  marine  plants  (kelp)  driven  by  the  Gulf  Stream 
on  to  the  Scotch  coasts  contain  evident  traces  of  this  metaL  All 
the  orthoclase  and  quartz  liom  the  granite  of  the  Odenwald 
which  we  have  examined  contain  lithium.  A  very  pure  spring 
water  from  the  granite  in  Schleierbach,  on  the  west  side  of  the 
valley  of  the  Neckar,  was  found  to  contain  lithium,  wliereas  the 
water  from  the  red  sandstone  which  supplies  the  Heidelberg 
laboratory  was  shown  to  contain  none  of  this  metal.  Mineral 
waters,  in  a  liter  of  which  lithium  could  hardly  be  detected 
according  to  the  ordinary  methods  of  analysis,  gave  the  line 
Lia  even  if  only  a  drop  of  the  water  on  a  platinum  wire  was 
brought  into  the  flame.    All  the  ashes  of  plants  growing  in  the 
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Odenwald  on  a  granite  soil  as  well  as  Eussiau  and  other  potashes 
contain  lithium. 

"  Even  in  the  ashes  of  tobacco,  in  vine-leaves,  in  the  wood 
of  the  vine  and  in  the  grapes,  as  well  as  in  the  ashes  of  the 
crops  grown  on  the  Rhine  plains  near  Wiighausel,  Deidesheiin, 
and  Heidelberg,  on  a  non-granite  soil,  was  lithium  found.  The 
milk  of  the  animals  fed  on  these  crops  also  contains  this  widely 
diffused  metal." 

The  special  details  of  the  spectra  of  the  metals  of  the 
alkalis  and  alkaline  eartlis  will  be  found  umler  the  description 
of  each  metal. 

683  The  following  gmphic  description  of  the  phenomena  ob- 
served when  a  small  quantity  of  the  mixed  salts  of  the  above 
metals  is  brought  into  the  non-luminous  llarae  is  from  the 
pen  of  Profes.sor  Bunsen ; 

"  A  mixture  of  the  chlorides  of  potassium,  sodium,  lithium 
calcium,  strontium,  and  barium,  containing  at  the  most  ^j^^h 
of  a  milligram  of  each  of  these  salts,  was  brought  into  the 
flame,  and  the  spectra  produced  were  observed.  At  first  the 
bright  yellow  sodium  line,  Naa,  appeared  with  a  background 
formed  by  a  nearly  continuous  pale  spectrum  :  as  soon  as  this 
line  began  to  fade,  the  exactly  defined  red  line  of  lithium,  Li  a, 
was  seen,  and  still  further  removed  from  the  sodium  line  the 
faint  red  potas.sium  line,  Kaa,  was  noticed  ;  whilst  tlie  two 
barium  lines.  Baa,  and  Ba^.  with  their  peculiar  form  became 
visible  in  the  proper  position.  As  the  potassium,  sodium, 
lithium,  and  barium  volatilized,  their  spectra  became  fainter  and 
fainter,  and  their  peculiar  bands  one  after  the  other  vanished, 
until,  after  the  lapse  of  a  few  minutes,  the  lines  Caa,  Cay9,  Sra, 
SryS,  Sry,  Sr5,  became  gradually  visible,  and,  like  a  dissolving 
view,  at  last  attained  their  characteristic  distinctness,  colouring, 
and  position,  and  tlien,  after  some  time,  became  pale  and  dis- 
appeared entirely.  The  absence  of  any  one,  or  of  several  of 
these  bodies,  is  at  once  indicated  by  the  non-appearance  of  the 
corresponding  bright  lines. 

"  These  who  become  acquainted  with  the  various  spectra  by 
repeated  observation  do  not  need  to  have  before  them  an  exact 
measurement  of  the  single  lines,  in  order  to  be  able  to  detect 
the  presence  of  the  various  constituents :  the  colour,  relative 
position,  peculiar  form,  variety  of  shade,  and  brightness  of  the 
bands  are  quite  characteristic  enough  to  ensure  exact  results 
even  in  the  hands  of  persons  unaccustomed  to  such  work.  These 
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Rpecial  distinctions  may  be  compared  with  the  differences  of 
outward  appearance  presented  by  the  various  precipitates  which 
we  employ  for  detecting  substances  in  the  wet  way.  Just  as  it 
holds  good  as  a  character  of  a  precipitate  that  it  ia  gelatinous, 
piilverulent,  flocculent,  granular,  or  crystalline,  so  the  lines  of 
ilie  spectrum  exhibit  their  pecuhar  aspects,  some  appearing 
sharply-defined  at  their  edges,  others  blending  ofif  either  at  one 
side  or  both  sides,  either  similarly  or  dissimilarly;  or  some, 
again,  appearing  broader,  others  sarrower ;  and,  just  as  in  ordi- 
nary analysis,  we  only  make  use  of  those  precipitates  which  are 
produced  with  the  smallest  possible  quantity  of  the  substance 
supposed  to  be  present,  so  in  analysis  with  the  spectrum,  w 
employ  only  those  lines  which  are  produced  by  the  smallest 
possible  quantity  of  the  substance,  and  require  a  moderately 
high  temperature.  In  these  respects  both  analytical  methods 
stftnd  on  an  equal  fooling ;  but  analysis  with  the  spectrnm 
possesses  a  great  advantage  over  all  other  methods,  inasmuch 
as  the  characteristic  differences  of  colour  of  the  lines  serve  bs 
the  distinguishing  feature  of  the  system.  Most  of  the  precipi- 
tates which  are  valuable  as  reactions  are  colourless;  and  the 
tint  of  tliose  which  are  coloured  varies  very  considerably, 
according  to  the  state  of  division  and  mechanical  arrangement 
of  the  particles.  The  presence  of  even  the  smallest  quantity  of 
impurity  is  often  sufficient  entirely  to  destroy  the  characteristic 
coloiar  of  a  precipitate ;  so  that  no  reliance  can  be  placed  upon 
nice  distinctions  of  colour  as  an  ordinary  chemical  test  In 
spectnini  nuiilysis,  on  the  contrary,  the  coloured  bands  are 
unalJected  by  such  aUerations  of  physical  conditions,  or  by  the 
presence  of  other  bodies.  The  positions  which  the  lines  occupy 
in  the  spectrum  give  rise  to  chemical  properties  as  unalterable 
as  the  combuiing  weights  themselves,  and  which  can  therefore 
be  estimated  with  an  almost  astronomical  precision.  The  fact, 
however,  which  gives  to  this  method  of  spectrum  analysis  on 
extraonlinary  importance  is,  that  the  chemical  reactions  of  matter 
thus  reach  a  degree  of  delicacy  which  is  almost  inconceivable. 
By  an  application  of  this  method  to  geoloirical  inquiries  con- 
cerning the  distribution  and  arrangement  already  mentioned,  we 
ore  led  to  the  unexpected  conclusion  that  not  only  i»otn.ssium 
and  sodium,  but  also  lithium  and  strontium,  must  be  added  to 
the  list  of  bodies  occurring  only  indeed  in  small  quantities,  but 
most  widely  spread  throughout  the  matter  composing  the  soUd 
body  of  our  planet. 
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"  The  method  of  spectrum  analysis  may  also  play  a  no  less 
important  part  as  a  means  of  detecting  new  elementary 
substances ;  for  if  bodies  should  exist  in  nature  so  sparingly 
diffused  that  the  analytical  methods  hitherto  applicable  have 
not  succeeded  in  detecting  or  separating  them,  it  is  very  possible 
that  their  presence  may  be  revealed  by  a  simple  examination  of 
the  spectra  produced  by  their  flames.  We  have  had  opportunity 
of  satisfying  ourselves  that  in  reality  such  unknown  elements 
exist.  We  believe  that,  relying  upou  uiimistakeable  results  of 
the  spectrum  analysis,  we  are  already  justilied  iu  positively  stating 
that  besides  potassium,  sodium,  and  lithium,  the  group  of  the  alka- 
line metals  contains  a  fourth  member  which  gis-es  a  spectrum  as 
simple  and  characteristic  as  that  of  lithium,  a  metal  which  in  our 
apparatus  gives  only  two  lines,  namely,  a  faint  blue  one,  almost 
coincident  with  the  strontium  line  SrS,  and  a  second  blue  one  lying 
a  little  further  towards  tlie  violet  end  of  the  spectrum,  and  rival- 
ling the  lithium  line  in  brightness  and  distinctness  of  outline." 

684  Ccr^ium  and  Rnliiiliitm.  The  discovery  by  Bunsen  of  a 
second  new  alkaline  metal  found  iu  the  mineral  water  of  Durk- 
heini,'  soon  followed  that  of  the  first.  Both  of  these  new  ele- 
ments are  contained  in  the  mineral  water  in  extremely  small 
quantities,  so  that  44,000  kilos,  of  the  water  had  to  be  evaporated 
in  order  to  obtain  16-5  grams  of  the  mixed  clilorides.  The  first  of 
tliese  new  metals  yields  a  spectrum  distinguished  by  two  splendid 
bright  blue  lines,  and  hence  the  name  CcKsuim  {cccsins,  the  blue 
colour  of  the  sky)  was  given  to  it.  The  second  new  metal  is 
characterised  by  a  spectrum  which  contains  a  briglit  red  line 
less  refrangible  than  the  potassium  line  Ka,  and  also  a  line  iu 
the  violet  As  the  red  line  is  the  one  by  which  the  presence  of 
this  metal  can  bo  most  readily  and  certainly  detected,  Bimsen 
gave  to  it  the  name  of  JRubidimn-  (rubidus,  dark-red). 

Since  the  discovery  of  these  two  bodies  by  Bunsen  in  1860, 
chemists  have  recognised  the  presence  of  both  these  metals  in 
very  varied  situations;  one  of  them,  rubidium,  being  compara- 
tively widely  distribiittul,  and  found  in  very  many  mineral 
waters.  Thus,  for  example,  the  celebrated  waters  of  Bour- 
bonne-les-Bains  contains  00^2  grm.  of  chloride  of  cajsium, 
and  0010  grm.  of  chloride  of  rubidium  in  one  liter  of  water; 
whilst  in  the  well-known  springs  of  Yichy,  Gastein,  Nauheim, 
Karlsbrunn,  and  many  more,  eitlier  one  or  both  of  these  new 
metals  have  been  discovered.     Bubidiiim  has  been  found  to  be 


'  An  analysis  of  this  water  is  found  at  p.  249  of  Vol,  I. 
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still  more  widely  difl'used  than  ca;sium,  occurring  both  in  animate 
as  well  OS  in  inanimate  nature.  It  has  been  found  in  beetroot,  in 
tobacco,  in  the  ash  of  the  oak  (the  Q wrens  jmlcsccns),  in  coffee,  in 
tea,  and  in  cocoa.  In  their  general  chemical  characters,  as  in  their 
spectroscopic  relations,  these  two  new  metals  exhibit  the  clos^it 
analogy  with  potassium.  So  much  so  is  this  the  case,  that  with- 
out the  aid  of  the  spectroscope  and  the  differences  whicli  the 
spectra  of  these  three  metals  present,  it  was  absolutely  impossible 
to  distinguish  between  them.  Chemists  had,  in  fact,  experi- 
mented upon  caesium  but  had  mistaken  it  for  potassium. 

A  rare  mineral  called  Pollux  occurs  in  the  island  of  Elba, 
This  mineral  was  analyzed  in  the  year  184C  by  the  well-known 
chemist  Plattner,  and  by  liim  it  was  supposed  to  contain  potas- 
sium. In  calculating  out  the  results  of  his  analysis,  I'lattner 
invariably  found  a  considerable  loss,  the  cause  of  which  he  was 
unable  to  account  for.  Spectrum  analysis  has  now  explained 
this  anomaly,  for  since  the  discovery  of  the  two  new  metals  it 
has  been  foimd  that  it  was  not  potassium,  but  the  new  metal 
tiesium,  which  was  present,  of  the  oxide  of  which  no  less  than  34 
per  cent  is  contained  in  this  mineral  The  want  of  agreement  of 
the  former  analysis  is  wholly  attributable  to  the  difference  of  the 
combining  weight  of  these  two  bodies,  that  of  potassium  being 
only  39  1,  whilst  that  of  caesium  is  133 :  and  if  this  last  number 
be  used  the  analyses  calculate,  as  they  ought  to  do,  exactly  to 
100  parts.     (Vol.  II.  Part  I.  p.  169.) 

Soon  after  the  discovery  of  the  new  alkaline  metals  by  Bunsen, 
Mr.  Crookes,  in  1861,  proved  the  presence  of  a  third  new  metal 
in  a  seleniferous  deposit  from  a  sulphuric  acid  chamber  at  Tilke- 
Tode  in  the  Harz.  To  this  new  element  he  gave  the  nanie  of 
ThalUum,  from  tkalhts,  a  young  twig,  owing  to  the  bright  green 
colour  which  this  substance  and  its  compounds  impart  to  the 
non-luminous  flame.  The  spectrum  of  thallium  is  a  simple  one, 
consisting  of  one  bright  green  band  (Tla),  having  a  wave-length 
of  5,349  ten-millionths  of  a  millimeter.  ThaUium  has  since  been 
sliown  to  1)6  frequently  contained  in  iron-pyrites  and  several 
other  minerals,  so  that  it  is  a  somewhat  widely-distributed  ele- 
ment. It  exhibits  very  remarkable  and  interesting  chemical 
properties.  In  certain  respects  it  closely  resembles  the  metals  of 
the  alkalis.  In  others  it  more  nearly  approaches  the  heavy  metal 
lead.  Hence  thallium  has  very  appropriately  been  temi«l  by 
Pvimas'  the  ornithorhynchus  amongst  the  m'etals.  (VoL  XL 
Part  I.  p.  300.) 
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A  fourth  new  metal  was  discovered  in  the  year  186-1,  by  Ecich 
and  Richter.  in  Freiberg.  They  gave  to  this  substance  the  name 
of  Indium,  owing  to  the  fact  that  it.  imparts  a  dark-blue  or 
iudigo  tint  to  the  tiaiiie,  and  its  spectrum  consists  of  two  indigo- 
coloured  lines.  It  has  been  found,  although  in  small  quantities 
only,  in  the  zinc-blendes  from  Freiberg,  Goslar,  and  a  few  other 
places  (Vol.  IL  Part  I.  p.  499). 

In  1875  a  French  chemist,  Lecoq  de  Boisbaudran,  found 
a  fifth  new  metal  in  zinc-blendes  from  the  Pyrenees.  To  this 
substance  he  gave  the  name  of  Gallium  (\'oL  II.  Part  I.  p.  502). 
Its  spectra  consists  of  two  violet  lines,  which  are  best  seen  in 
the  electric  spectrum.  The  brightest  of  tliese  lines  has  a  wave- 
length of  4170 ;  the  second  line,  which  is  fainter,  having  a  wave- 
length of  4040. 
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685  The  following  method  of  mapping  spectra  has  been 
proposed  by  Bunsen,  and  by  this  means  persons  unactiuainteil 
with  the  special  appearances  of  individual  spectra  may  soon 
learn  to  recognize  the  individual  metals.  "  For  the  pur- 
pose of  facilitating  tlie  numerical  comparison  of  tlie  data  of 
various  spectrum  observations,  wo  give  in  Fig.  185  grapliical 
representations  of  the  observatinus  which  are  taken  from  the 
guiding  lines  given  in  the  chromo-lithograph  drawings  of  the 
spectra  published  in  our  former  memoirs,  and  in  wliich  the 
prism  was  placed  at  the  angle  of  minimum  deviation.  The 
ordinate  edges  of  the  small  blackened  surfaces,  refen-ed  to  the 
di^'isions  of  the  scale  as  abscissce,  represent  the  intensity  of  the 
several  lines,  with  their  characteristic  gradations  of  shade.  These 
drawings  were  made  when  the  slit  was  so  broad  and  the  flame 
of  such  a  temperature,  that  the  fine  bright  line  upon  the  broad 
Ca  a  band  began  to  be  distinctly  visible. 

"  This  breadth  of  the  slit  was  equal  to  the  fortieth  part  of  the 
distance  between  the  sodium  line  and  the  Htliium  line  a.  For  the 
sake  of  perspicuity,  the  continuous  spectra  which  some  bodies  ex- 
Jiibit  are  specially  represented  on  tlie  upper  edge  of  the  scale,  to 
the  divisions  of  which  they  are  referred  as  abscissa?.  In  order  to 
render  tliese  drawings,  wliich  have  reference  to  our  instrument, 
applicable  to  observations  upon  the  scale  of  any  other  apparatus 
which  we  may  call  B,  it  is  only  necessary  to  prepare  a  reduced 
scale,  which  is  laid  upon  the  several  drawings  and  used  in  place 
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of  the  dividwl  scale  given  in  the  figure.  The  lines  marked  at  the 
bottom  of  Fig.  185  serve  for  the  preparation  of  this  new  scale: 
these  lines  denote  the  distances  between  the  lines  Ka,  Li  o,  Na, 
Tl,  Sr  S,  Rb  a,  and  K  /3,  measured  according  to  the  scale  of  our 
instrument  Tlie  position  of  each  of  these  lines  is  determined 
by  the  edge  of  the  line,  which  does  not  change  its  place  on 
altering  the  breadth  of  the  slit.  The  position  of  these  same 
lines  is  read  off  on  the  scale  of  the  instrument  B,  and  the  cor- 
responding number  written  under  each.  A  series  of  fixed  points 
on  the  scale  is  thus  obtained,  and  the  complete  divisions  for  the 
scale  of  instrument  B  is  got  by  interpolating  the  values  of  the 
portions  of  the  scale  situated  lietweeu  the  fixed  points. 

"  The  sodium  line  is  tlien  inserted  in  this  scale,  which  is  pasted 
upon  a  straight-edge,  and  the  divisions  numbered  in  tens  and 
fives.  If  this  measure  be  now  laid  down  upon  any  of  the  draw- 
ings, so  that  the  sodium  line  on  the  measure  coincides  with  the 
division  50  on  the  drawing,  the  scale  on  the  measure  will  give 
the  position  of  all  the  lines  in  the  particular  spectrum  exactly 
as  they  are  seen  in  the  jihotographic  scale  of  the  instrument  B. 
WTien  the  position  of  the  line  under  observation  has  in  this  way 
been  ascertained,  it  is  easy  to  assure  oneseK  of  its  exact  identity 
by  meaoa  of  the  small  prism  on  the  slit  of  the  spectroscope." 
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686  By  far  the  greater  number  of  the  metals,  as  well  as  a  few 
of  the  non-metals,  are  vaporized  at  temperatures  which  can  only 
be  reached  by  the  electiic  spark. 

In  order  to  facilitate  the  examination  of  such  spark-spectra 
with  especial  regard  to  the  easy  chemical  detection  of  these  diffi- 
cultly volatile  metals,  Bunsen  ^  has  proposed  a  special  method. 

The  spark  passes  between  two  small  cones  of  pure  porous 
carbon,  these  having  been  impregnated  with  a  solution  of  a 
chemically  pure  compound  of  the  metal  under  examination. 
The  advantages  of  this  spark -spectrum  method  is  well  shown  in 
the  case  of  the  detection  of  the  rare  allied  metals,  cerium,  lan- 
thanum and  didymiura ;  yttrium  and  erbium.  The  chlorides 
of  these  metals  do  not  volatilize  at  the  temperature  of  the  non- 
luminous  flame,  but  yield-  well-defined  and  characteristic  spark- 
spectra  by  which  they  can,  without  difficulty,  be  recognized. 

'  PhU.  Uag.  [41, 1.  41S,  fi27. 
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PHOTOGRAPHING  SPECTRA. 

687  The  most  accurate  mode  of  mapping  and  recognizing  the 
spectra  of  the  metals  is  that  adopted  by  Lockyer.  For  this  pur- 
pose photography  has  beea  called  into  play,  the  bright  lines  of 
each  metal  leaving  their  own  picture  ou  a  sensitive  collodion 
plate,  which  is  placed  on  the  apparatus  in  place  of  the  eyepiece 
of  the  telescope.  The  image  of  the  electric  arc  formed  by  the 
incandescence  of  the  metal  vaporized  by  means  of  thirty  Grove's 
cells  is  projected  by  a  lens  on  the  slit  of  the  spectroscope. 

By  this  process  Lockyer  was  enabled  in  the  first  place  to 
confront  the  spectra  of  different  metals  with  each  other,  ami 
thus  to  eliminate  coincident  lines  due  to  some  common  impurity 
contained  in  the  various  metals  vmder  examination.  He  was 
also  able  to  examine  the  spectrum  of  various  portions  of  the  arc, 
and  was  thus  led  to  the  remarkable  discovery  that  in  each 
metallic  spectrum  certain  lines  are  not  only  brighter  and  more 
intense  than  others,  but  are  also  longer  than  the  rest.  That  i«, 
that  one  line  of  a  given  metal  is  seen  to  stretch  across  from  pole 
to  pole,  whilst  another  line  only  appears  in  the  neighbourhood  of 
the  poles  where  the  temperature  is  highest,  and  the  density  of 
the  incandescent  gas  might  be  supposed  to  be  greatest^  Theee 
longest  lines  in  the  spectrum  of  a  metal  are  always  constant  in 
position,  so  that  if  we  know  in  what  part  of  the  spectrum  to  look 
for  the  brightest  line  of  any  metal,  say  of  iron,  and  if  we 
notice  its  presence,  we  need  no  longer  trouble  ourselves  to  search 
for  other  iron  lines,  but  may  be  certain  that  iron  is  there.  If, 
on  the  other  hand,  we  do  not  see  this  longest  and  brightest  line, 
we  may  with  safety  conclude  that  none  of  the  other  and  less 
brilliant  lines  of  the  metal  will  be  found.  "Working  by  the  light 
of  this  discovery,  Lockyer  has  come  to  the  conclusion  that  most, 
if  not  all,  of  the  cases  of  supposed  coincidence  between  the  lines 
of  different  metals  are  to  be  explained  by  the  presence  of  an 
impurity  common  to  both,  which  is  in  such  minute  quantity 
that  it  had  eluded  every  other  means  of  detection. 

The  great  advantage  which  this  photographic  mode  of  record 
offers  is,  that  it  is  possible  thus  to  determine,  with  absolute 
accuracy,  the  positions  of  a  very  much  greater  number  of  lines 
than  can  be  done  by  mere  eye  obser\'ation.  This  is  shown  by 
the  fact  that  in  the  portion  of  the  spectnim  from  wave-lengths 
3.900  to  4,100  the  number  of  lines  of  twelve  metals  noted  by 
Lockyer  is  416,  as  against  thirty-nine  lines  observed  by  Tlialeo. 
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Photographing  the  Ultra-red  portion.  Under  certain  circum- 
etances  a  film  of  silver  bromide  becomes  sensitive  to  the  red 
mys,  and  thus  Captain  Abney  has  proved  thiit  it  is  possilile  to 
j  obtain  photographs  not  only  of  the  visible  yellow  and  red 
portion  of  the  solar  spectrum,  but  even  of  the  portion  invisible 
to  our  eyes.  Maps  have  thus  been  obtained  by  Abney  of  the 
lines  in  the  solar  spectrum  extending  from  wave-length  7,600  to 
wave-length  12,500. 

^V  ABSORPTION-SPECTRA. 

r  688  In  accordance  with  the  important  optical  law  known 
as  the  law  of  exchanges,  every  incandescent  body  is  capable 
of  absorbing,  at  the  same  temperature,  exactly  thoio  kinds 
of  rays  which  it  emits.  Hence  a  glowing  body  which  yields 
a  continuous  spectrum  exliibits,  at  the  same  temperature,  a 


Fig.  186. 

continuous  absorption,  whilst  those  bodies  whose  emission- 
spectra  are  broken  or  discontinuous,  yield,  under  similar  con- 
ditions of  temperature,  absorption-spectra  which  are  in  like 
manner  broken  or  discontinuous.  Tins  selective  absorptive 
action  of  glowing  gases  is  strikingly  shown  in  the  case  of 
sodium  vapour.  If  a  small  piece  of  this  metal  be  burnt  in  an 
iron  cup  in  front  of  the  slit  of  the  spectroscope  the  bright  yellow 
sodium  lines  wHl  at  first  be  seen,  but  they  will  soon  be  replaced 
by  two  dark  lines  which  are  exactly  coincident  with  the  bright 
yellow  lines,  and  are  seen  upon  a  background  of  a  bright  con- 
tinuous spectrum.  The  sodium  spectrum  has  thus  been  reversed, 
inasmuch  as  the  yellow  rays  in  passing  through  the  sodium  vapour 
have  been  absorbed,  wiiilst  tlie  particles  of  glowing  oxide  of 
the  metal  yield  a  continuous  spectrum.  Sodium  vapour  is 
opaque  to  the  yellow  D  rays.     In  a  similar  way  the  bright 
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lines  of  the  emission-spectra  of  lithium,  calcium,  strontinra, 
barium,  as  well  as  of  magnesium,  copper,  and  several  other  heavy 
metals,  have  been  reversed,  or  the  absorption-spectra  of  these 
metals  have  been  obtained.  The  numerous  fine  black  lines  seen 
in  the  solar  spectrum  and  known  as  Fraiinho/cr's  lines,  are  pro- 
duced by  the  reversal  of  the  spectra  of  hydrogen,   sodium, 
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TTio.  187. 

calcium,  iron,  magnesium,  and  other  metals  which  are  present  in 
the  state  of  lumiimus  gas  in  the  solar  atmosphere. 

Tliis  selective  absorption  is  e.xhibited  by  certain  liquid  wkI 
solid  bodies,  as  weU  as  by  gases,  at  the  ordinary  temperature  of 


Fio.  188. 

the  air,  and  this  property  serves  as  a  means  of  detecting  the 
presence  of  the  substances  in  question.  The  dark  absorption 
bands  seen  when  white  light  passes  through  the  vapour  of  iodine 
(No.  1,  Fig.  187)  and  those  first  observed  by  Brewster  in  the  red 
flame  of  nitrogen  peroxide  (No,  2,  Fig.  187),  are  good  examples 
of  this  selective  absorptive  power  of  gases. 
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The  arrangement  shown  in  Fig.  188  is  one  which  may  be  used 
for  examining  the  absorption-spectra  of  gases  by  means  of  a 
direct-vision  spectroscope.  Even  some  colourless  gases,  such  as 
aqueous  vapour,  possess  a  strong  power  of  selective  absorption 
-when  a  column  of  sufficient  depth  is  examined. 

It  has  recently  been  shown  that  when  we  examine  the  ab- 
sorption-spectra of  two  gases  having  the  same  density  and 
colour,  such  as  bromine  and  iodine  monochloride,  we  find  that, 
although  tlieir  spectra  present  a  general  analogy,  they  ai-e  not 
identical.  The  absorption-spectra  of  the  vapours  of  potassium 
and  sodium  have  also  been  lately  mapped.  The  absorption- 
spectrum  of  a  substance  is  not,  as  a  rule,  identical  with  the 
emission-spectrum  of  the  same  body  when  examined  at  a  lower 
temperature  than  that  at  which  the  bright  line  spectrum  is 
obtained.  Thus  the  dark  absorption  bands  seen  in  iodine  vapour 
are  not  identical  with,  or  even  analogous  to,  the  bright  lines  of 
the  emission-spectrum  of  iodine.  This  indicates  that  in  the  one 
case  we  have  to  do  with  a  molecular  condition  different  from 
that  existing  in  the  other  case. 

One  of  the  mo.st  striking  cases  of  absorption  in  the  case  of 
liquids  is  seen  in  solutions  of  salts  of  the  metal  didymium. 
All  these  nearly  colourless  salts  possess  the  power  of  absorbing 
certain  rays,  so  that  if  a  small  glass  trough  filled  with  a  very 
dilute  solution  of  a  didjTnium  salt  bo  placed  in  front  of  the 
slit  of  the  spectroscope  and  diffuse  day -light  or  the  light  from  a 
luminous  gas-flame  be  allowed  to  pass  through  the  solution 
into  the  spectroscope,  two  dark  bands  are  seen  on  the  luminous 
continuous  spectrum.  These  lines  are  so  characteristic  and  are 
produced  by  so  small  a  quantity  of  didymium  salt  that  this  re- 
action serves  as  the  most  delicate  aa  well  as  the  most  easy  test 
for  the  presence  of  this  metal. 

Many  coloured  metallic  solutions,  such  as  chromium  salts,  per- 
manganates, and  uranium  compounds,  exhibit  similar  powers  of 
selective  absorption,  and  the  bands  thus  produced  may  8er\-e  as 
a  means  of  detection  of  the  substances  in  question.  Neverthe- 
less the  chemist  is  bound  to  use  circumspection  in  arguing  from 
the  mere  inspection  of  absorption-spectra,  for  these  are  by  no 
means  so  certain  or  unfailing  in  their  indications  as  the  un- 
altering  bright  lines  of  the  emission-spectra.  Tliis  conclusion  is 
borne  out  by  the  experiments  of  Bunsen  on  the  didymium 
spectra.  He  has  shown  that  the  various  compounds  of  this 
metal  do  not  exhibit  exactly  the  same  absorption  bands,  and 
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that  the  crystallographic  direction  in  ■which  the  ray  of  light 
passes  through  a  crystal  of  a  didymiiim  salt  exerts  a  marked 
influence  on  the  arrangement  of  the  dark  bands, 

iletaUic  solutions  are  not  the  only  liquids  which  exhibit  this 
power  of  selective  absorption.  Many  organic  liquids  possess 
this  power  in  a  high  degree,  and  by  tliis  means  many  com- 
plicated liquids  of  animal  and  vegetable  origin  can  be  easily 
distinguished  when  no  other  method  can  be  employed.  As  an 
example  of  selective  absorption  in  organic  liquids,  the  spectrum 
reaction  of  the  blood  may  be  cited.  No.  1,  Fig.  189,  exhibits 
the  two  dark  bands,  situated  between  Fraunhofer's  D  and  E,  seen 
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in  oxidized  blood  and  duo  to  oxyhtemoglobin.  No.  2  on  the 
same  figure  shows  the  absorption-spectrum  of  deoxidized  or 
venous  blood,  consisting  of  one  dark  band.  By  the  action  of 
an  acid  on  blood  the  oxyhemoglobin  is  converted  into  haematin 
yielding  a  different  absorption -spectrum.  Tlie  hromatin,  like 
the  oxyhiemoglobin,  is  capable  of  undergoing  oxidation  and 
reduction.  Tlie  absorption  bands  of  hiematin  are  shown  in 
Nos.  3  and  4,  Fig.  18i).  Another  interesting  fact  with  regard 
to  blood-spectra  is  that  the  blood  when  it  contains  very  small 
quantities  of  carbon  monoxide  in  solution  exhibits  a  very 
peculiar  set  of  absorption  bands.  Carbon  monoxide  acts,  bow- 
ever,  as  a  very  violent  poison,  and  these  peculiar  bands  are  seen 
in  the  blood  of  animals  which  have  been  suffocated  in  the 
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fumes  of  burning  charcoal  In  the  same  way  the  peculiar 
compound  which  hsemogoblin  forms  with  hycbocyanic  acid 
yields  a  characteristic  absorption-spectrum.  The  instrument 
with  which  these  absorptiou-spectra  can  be  observed  with  ex- 
tremely small  quantities  of  the  liquids  is  a  spectroscope  placed 
in  connection  with  a  microscopa  Fig.  190  shows  the  construc- 
tion of  such  an  instrument.  The  eyepiece  contains  prisms  so 
arranged  that  the  refracted  rays  pass  in  a  straight  line  from 
the  object  into  tlie  eye.  Such  spectroscopes  are  termed  direct- 
\'ision  instruments,  and  are  very  portable  and  useful  forms  of 
the  apparatus.  This  instrument,  in  the  hands  of  Mr.  Sorby, 
has  proved  capable  of  detecting  Yssn  P^Jt  of  a  grain  of  blood 
ill  a  blood-stain. 


Fio.  190. 


The  same  observer  states  that  wines  of  different  vintages 
may  be  distinguished  by  a  variation  in  their  respective 
absorption-spectra.^ 


COMPOSITION  OF  THE  SOLAR  ATMOSPHERE. 

689  "When  sunlight  is  allowed  to  fall  upon  the  slit  of  a  spec- 
troscope, the  solar  spectrum  thus  obtained  is  observed  to  differ 
essentially  from  the  spectra  which  we  have  hitherto  considered. 
A  bright  band  is  seen  stretching  from  red  to  violet,  but  tliis 
band  is  cut  up  by  a  very  large  number  of  fine  black  lines. 
These  lines  are  always  present,  and  always  occupy  the  same 

1  C/i«77i.  A'eu-s.  1869,  p.  295. 
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relative  position  in  the  solar  spectrum — they  are,  in  fact,  shadows 
in  the  sunlight.    They  were  first  noticed  hy  WoUaston,  but  first 


carefully  mapped  by  Fraunbofer,  the  principal  lines  being  dfi 
signated  by  him  with  the  letters  of  the  alphabet.     Fig.  191  is" 
a  reduced  facsimile  of  Fraunhofer's  original  map. 
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690  Tlie  cause  of  these  dark  solar  lines  was  long  a  mystery. 
Fraunhofer  finding  that  sunlight,  both  direct,  and  reflected  as 
moonlij,'ht,  always  gave  the  same  lines,  whereas  the  light  of  the 
fixed  stars  contained  different  dark  lines,  came  to  the  conclusion 
in  1814  that  these  dark  lines  were  produced  in  the  solar  atmo- 
sphere, and  not  by  the  light  passing  through  the  intervening 
space,  or  through  our  own  atmosphere. 

It  was  not  until  the  year  1 860  that  the  true  cause  of  the 
production  of  these  lines  was  first  clearly  proved  by  Kirchhoff, 
not,  however,  before  the  same  cause  had  been  suggested  as  a 
possibility  by  Stokes.  Kirchhoff  was  engaged  in  the  comparison 
of  the  bright  lines  of  certain  metallic  spectra  with  the  dark  lines 
in  the  sun.  To  his  astonishment  he  found  that  ail  the  bright 
lines  of  such  metals  as  iron,  calcium,  and  magnesium  have  dark 
representatives  in  the  solar  spectrum.  Not  only  has  each  bright 
metal  line  a  dark  one  coincident  with  it,  but  the  breadth  and 
intensity  of  the  bright  metal  line  is  as  a  rule  reproduced  in  the 
dark  line  in  the  solar  spectrum,  so  that  if  a  solar  and  a  metal 
spectruui  be  allowed  to  fall  one  below  the  other  in  the  field  of 
the  telescope,  all  the  bright  lines  of  the  metal  are  seen  to  be 
coincident  with  the  dark  lines.  Other  metals,  such  for  instance 
as  gold  and  antimony,  exhibit  no  such  coincidences.  Not  one 
single  bright  line  of  these  is  found  coincident  with  a  dark  solar 
line.  Hence  it  is  clear  that  there  must  be  some  kind  of  con- 
nection between  the  bright  lines  of  these  metals  and  the  dark 
solar  lines.  Such  coincidences  cannot  possibly  be  the  result  of 
mere  chance.  The  coincidence  of  the  dark  solar  lines  with  the 
bright  iron  lines  is  caused  by  the  presence  of  iron  in  the  aim's 
atmosphere. 

AVe  have  already  seen  that  the  spectrum  of  sodium  can  be 
reversed.  By  passing  the  light  from  incandescent  sodium 
through  tlie  vapour  of  the  metal  the  bright  yellow  double  line 
is  changed  to  a  dark  one.  If  the  solar  atmosphere  contains  the 
vapours  of  sodium,  of  iron,  of  magnesium,  of  calciimi,  &c.,  in 
the  state  of  glowing  gas,  and  if  white  light  from  the  incan- 
descent mass  l)eueath  pass  through  these  vapours,  the  effect 
produced  would  be  exactly  that  which  is  in  fact  observed. 

"As  this  is  the  only  assignable  cause,  the  supposition 
appears  to  be  a  necessary  one.  These  iron  vapours  might  be 
contained  either  in  the  atmosphere  of  the  sun  or  in  that  of  the 
earth.  But  it  is  not  easy  to  understand  how  our  atmosphere 
can  contain  such  a  quantity  of  iron  vapour  as  would  produce 
114 
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tlie  very  distinct  absorption-lines  which  we  see  in  tlie  solar 
spectrum;  and  this  supposition  is  rendered  still  less  probable 
by  tlie  fact  tliat  these  lines  do  not  appreciably  alter  when  the 
sun  approaches  the  horizon,  It  does  not,  on  the  other  hand, 
seem  at  all  unlikely,  owiug  to  the  high  temperature  which  wo 
must  suppose  the  sun's  atmosphere  to  possess,  that  such  vapours 
should  be  present  in  it  Hence  the  observations  of  the  solar 
spectrum  apjwars  to  me  to  prove  the  presence  of  iron  vapour  in 
the  solar  atmosphere  with  as  great  a  degree  of  certainty  as  we 
can  attain  iu  any  question  of  physical  science  "  (Kirchhoff). 

By  observing  the  coincidences  of  these  dark  lines  with  the 
bright  lines  of  terrestrial  metals,  we  arrive  at  a  knowledge  of 
the  occurrence  of  such  metals  in  the  solar  atmosphere.  Tlie 
metals  whose  existence  in  the  sun  has  now  been  ascertained, 
thanks  to  the  labours  of  ICirchhoff,  Angstrom,  Thalcn,  and 
Lockyer,  are  the  following  : 

Metals  contained  in  l/ie  Sun's  Alviosphere. 


Hydrogen. 

Magnesium. 

Calcium. 

Aluminium. 

Sodium. 

Titanium. 

Barium. 

Strontium, 

Iron. 

Manganese. 

Nickel 

Cobalt. 

Cerium. 

franium. 

Potassium. 

Cadmium, 

Zinc. 

Chromium. 

Lead. 

Copper. 

Bismuth, 

Caesium. 

Beryllium. 

Iridium. 

Lanthanum. 

Lithium. 

Molybdenum, 

I'alhwiium. 

Kubidinm. 

Tin. 

Vnnndium. 

Yttrium. 

STELLAR  SPECTRA. 

691  In  a  similar  way  Drs.  "W.  Allen  Miller  and  Huggins 
have  succeeded  in  proving  that  the  elements  hydrogen,  sodium, 
calcium,  magnesium,  iron,  bismuth,  tellurium,  antimony,  and 
mercury  occur  in  the  atmosphere  of  the  star  Aldebaran, 
whilst  other  stars  have  been  shown  to  contain  other  elements. 
More  recently  Dr.  Iluggins  has  applied  the  photographic  mode 
of  record  to  the  spectra  of  stars,  and  has  obtained  permanent 
pictures  of  the  dark  lines  la  the  stellar  spectra  drav-n  by  nature 
itself. 
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From  the  observations  of  Secclii,  the  fixed  stars  may  be 
divided  into  four  groups,  according  to  the  different  characters 
which  their  spectra  present.  The  spectra  of  the  first  group 
exhibit  merely  four  dark  lines  coincident  with  the  bright  lines 
of  hydrogen.  The  white  stars  are  those  which  belong  to  tills 
group,  such  as  Sirius  and  Vega.  The  second  group  contains 
the  yellow  stars,  such  as  Pollux,  Capella,  &c.  The  spectra  of 
these  exhibit  not  only  the  liydrogen  lines,  but  also  those  of 
several  metals,  and  we  may  hence  conclude  tliat  these  stare 
possess  a  constitution  similar  to  that  of  our  sun.  The  red  and 
bine  stars,  forming  the  third  group,  yield  channelled-space 
spectra,  whicli  would  lead  to  the  conclusion  that  tlieir  atmo- 
spheres do  not  contain  the  glowing  vapoui-s  of  metals,  but  rather 
those  of  non-metallic  elements,  or  possibly  of  certain  chemical 
compoonds.  Such  stars  are  Eetelgeux  and  Hercules.  The  fourth 
and  last  group  of  stars  gives  a  spectram  consisting  of  three 
bright  bands,  whose  intensity  is  greatest  towards  the  violet  end 
of  the  spectrum. 

The  simpler  a  spectrum  is,  the  simpler  must  be  the  composi- 
tion of  the  body  which  yields  that  spectrum.  Argneing  upon 
these  premises,  Lockyer  concludes  that  the  atmospheres  of  the 
whiter  stars  contain  tlie  fewer  elements  and  those  of  smaller 
atomic  weight,  and  tliat  as  the  peculiar  colour  of  the  stai:  be- 
comes more  distinct  its  atmosphere  becomes  more  complicated. 
These  results,  coupled  with  the  well-known  fact  that  dissociation 
of  chemical  compounds  uniformly  takes  place  if  the  temperature 
be  only  sufficiently  high,  has  led  Mr.  Lockyer  to  suggest  that 
the  heat  being  greatest  in  the  whitish  stars,  its  simple  spectrum 
can  be  best  e.xplained  by  the  existence  of  a  temperature  sufiicient 
to  dissociate  the  substances  to  which  on  this  earth  we  give  the 
name  of  elementary  bodies. 

69a  A  very  remarkable  obser\'ation  was  made  in  Jlay,  1866. 
'  A  star  which  had  Iiitherto  been  one  of  verj'  small  magnitude, 
known  as  T  Corona",  suddenly  blazed  out  and  attiiiued  a  magni- 
tude almost  equal  to  that  of  the  largest  stars  in  the  heavens. 
Huggina  and  Miller  found  that  the  spectrum  of  this  star  differed 
altogether  from  the  ordinaiy  stellar  spectra,  inasmuch  as  it  was 
characterised  by  bright  as  well  as  by  dark  lines,  and  these 
bright  lines  were  coincident  with  those  of  hydrogen.  This 
shows  that  the  star  possessed  a  very  singular  physical  consti- 
tution. The  dark  lines  prove  that  it  was  to  some  extent 
constituted  like  our  sun,  whilst,  in  addition,  a  violent  outburst 
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of  incandescent  hydrogen  had  taken  place.  As  this  star  made  ita 
appearance  suddenly,  so  it  soon  began  to  diminish  in  brilliancy, 
and  at  last  returned  to  its  original  dimensions  of  about  the  tenth 
magnitude.  A  similar  instance  of  the  outbreak  of  a  hitherto 
almost  invisible  star  occurred  in  November,  1876,  in  the  con- 
stellation of  the  Swan.  It  increa-sed  in  brilliancy  for  a  certain 
period,  and  then  gradually  diminished  to  its  original  magnitude. 
The  spectrum  of  tlus  star  was  exactly  the  same  as  that  of 
T  Coronse. 

SPECTRA  OF  THE  NEBUL.ffi. 

693  Astronomers  have  long  attempted  in  vain  to  solve  the 
question  as  to  the  nature  of  the  nebulaj.  By  means  of 
the  spectroscope  their  nature  has  been,  to  a  gi-eat  extent, 
ascertained.  Huggins  finds  that  certain  of  the  irresolvable 
nebulse  afford  the  same  very  distinct  and  remarkable  spec- 
trum. This  consists  of  two  or  three  bright  lines  lying  in  the 
green  and  blue  portions  of  the  spectrum.  One  of  tliese  lines 
is  coincident  with  a  line  of  hydrogen,  wbiLst  another  corre- 
sponds exactly  with  a  bright  line  of  the  nitrogen  spectrum. 
Hence  we  may  conclude  with  certainty  that  some  of  the  nebnl.-e 
are  composed  of  glowing  gaseous  matter,  and  consist,  in  all 
probability,  of  incandescent  hydrogen  and  nitrogen  gases,  for 
althougli  tiuly  one  line  of  each  of  these  elements  has  been 
observed,  we  kuow  that  under  certain  circunjstances  only  one 
line  in  a  spectnun  is  seen. 

S2»:ctra  of  Comets. — The  examination  of  the  spectra  of  comets 
is  a  subject  of  much  interest.  The  nuclei  of  several  comets  have 
been  examined  spectroscopically. 

These  yielil  spectra  consisting  of  bright  lines,  whilst  the  coma 
affords  a  continuous  spectrum.  Hence  we  may  conclude  that 
the  coma  shines  by  borrowed  sun-light,  but  that  the  cometary 
nucleus  is  eelf-luniiuous. 


MOTION  OF  THE  FIXED  STARS  MEASURED  BY 
SPECTRUM  OBSERVATIONS. 

694  The  spectroscope  likewise  affords  us  information  con- 
cerning the  motions  which  the  self-luminous  heavenly  bodies 
undergo  with  refei-ence  to  the  earth;  and  altliough  this  part 
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of  tJie  subject  does  not  belong  to  chemistry  proper,  it  b  of  such 
interest  tbat  the  principles  upon  which  it  depends  may  be 
shortly  mentioned.  If  a  luminous  particle  is  quickly  approach- 
ing the  eye  of  the  observer,  the  wave-lengtlis  of  tlie  rays  it  emits 
are  diminished ;  whilst  if  the  object  is  quickly  recediug  a  con- 
trary action  is  noticed,  and  the  wave-lengtlis  are  increased.  Dr. 
Huggins  by  careful  observations  of  the  line  F  in  Sirius  has 
shown  that  the  position  of  this  line  is  shifted  towards  the  red 
or  that  the  wave-length  has  been  increased  by  0109  millionth 
of  a  millimeter.  The  velocity  of  the  consequent  recession  can 
be  easily  calculated.  Light  travels  at  18.5,000  miles  per  second ; 
the  wave-length  of  the  F  line  is  486-5  milliontlis  of  a  millimeter. 
Now  the  velocity  vdih  which  the  two  bodies  move  away  from 
each  other  stands  to  the  velocity  of  light  in  the  same  proportion 
as  the  observed  difference  of  wave-length  does  to  the  wave-length 
of  the  particular  ray ;  or — 

486-5  :  0-109  ::  185,000  :  x  =  41-4; 

or  the  motion  of  recession  between  the  Earth  and  Sirius  was  at 
that  time  41-4  miles  per  second. 

695  iyjlar  Cyclones. — The  same  principle  has  been  applied  by 
Lockyer  to  determine  the  velocity  of  the  solar  cyclones.  The 
red  flumes  or  prominences  which  are  seen  in  a  total  eclipse  to 
surround  (he  sun,  consist  of  incanilescent  hydrogen,  calcium, 
and  magnesium,  with  occasional  irrujitions  of  iron  and  .sodium. 
The  investigations  of  Janssen  and  Lockyer  have  shown  that  the 
changes  in  form  and  composition  which  these  red  lliunes  undergo 
can  now  be  observed  in  the  sun's  normal  condition.  Tiiese  llamea 
fonn  a  part  of  the  incandescent  solar  atmosphere  which  sur- 
rounds the  solid  or  liquid  portions  of  the  sun's  body,  rising  to 
a  heiglit  of  .5,000  to  6,000  miles.  From  the  displacement  wliich 
the  hydrogen  line  (F)  exhibits,  the  velocity  of  up-rush  or  down- 
rush  of  the  incandescent  hydrogen  can  be  ascertained.  The 
velocity  of  these  solar  cyclones  outstrips  the  most  powerful  ima- 
gination. In  one  case  the  velocity  of  ascent  amounted  to  166 
miles  per  second. 

The  spectroscope  likewise  aflbrds  indications  of  the  amount 
of  pressure  under  wliich  the  incandescent  gas  exists  in  the 
solar  atmosphere.  The  solar  line  F  was  noticed  by  Mr.  Lockyer 
in  many  cases  to  be  thickened  out  in  the  direction  of  tiie  sun's 
surface  like  an  arrow-head.  This  thickening  out  of  the  hydrogen 
line  F  can  also  be  artificially  produced  in  the  laboratory  by 
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reducing  the  pressure  under  which  the  gas  is  placed,  and  thus 
a  means  is  opened  out  for  ascertaining  the  pressure  and  possibly 
the  temperature  of  the  different  layers  of  the  solar  atmosphere. 
Again,  Kirchhoff  observ'ed  that  sometimes  one  or  more  liues 
in  a  metallic  spectrum  appeared  to  be  reversed  in  a  solar 
spectrum,  wJiilsit  the  other  liues  did  not  suffer  a  reversal.  Mr. 
Lockyer  succeeded  in  explaining  this  singidar  fact,  for  he  dis- 
covered that  it  is  generally  the  longest  lines  of  the  metallic  spec- 
trum which  are  reversed  in  the  solar  atmosphere.  These  longest 
lines  are  seen  in  the  spark-spectrum  of  the  metal  midway 
between  the  poles,  whereas  the  shorter  metallic  lines  are  only 
noticed  in  the  close  proximity  of  the  poles.  Now  it  is  i)robable 
that  the  vapour  far  removed  from  the  poles  is  in  a  more  rai-efied 
condition  than  that  close  to  the  poles,  so  that  the  short  lines  are 
those  which  require  for  their  existence  a  greater  density  of  the 
vapour,  and  the  long  lines  are  those  which  can  exist  at  a  lower 
pressure.  We  are  thus  also  led  to  the  conclusion  that  it^  may  be 
possible  to  ascertain  the  relative  amounts  of  the  several  metallic 
vapours  present  in  tlie  solar  atmosphere.  In  some  ca.ses  all 
the  lines  are  seen  to  be  reversed,  whilst  in  other  instances  only 
the  long  lines  have  their  dark  representatives  in  the  solar 
spectrum. 


THE  NATURAL  ARRANGEMENT  OF  THE 
ELEMENTS. 


696  Tt  has  already  bteii  t-latutl  (vol.  L  p.  80)  that  the 
chemical  atom  must  rather  be  considered  as  a  vibrating  system 
of  separate  parts  than  as  a  physically  iudivisiUe  whole.  ^Ve 
are  thus  led  to  the  idea  that  iu  process  of  time  the  so-called 
elementary  bodies  may  bo  found  capable  of  beiug  decomposed 
into  more  simple  components.  Were  this  not  the  case,  as 
many  distinct  kinds  of  matter  must  exist  as  we  find  different 
bodies  as  yet  undecomposed,  and  this,  for  various  reasons,  is 
a  very  improbable  supposition.  We  will  at  present  mention 
only  onu  of  these  reasons,  viz.,  that  the  atomic  weights  of 
the  elements  exhibit,  as  has  long  been  known,  certain  dis- 
tinctive I'elationships. 

So  long  ago  as  the  year  1815,  Prout '  put  forward  the  view 
that  hydrogen,  which  possesses  the  smallest  atomic  weight  of 
any  element,  is  the  only  real  elementary  body,  the  atomic 
weights  of  all  the  other  elements  being  supposed  by  Trout 
to  be  simple  multiples  of  the  atomic  weight  of  hydrogen. 
The  more  exact  determination  of  atomic  weights  subsequently 
made,  especially  by  Bcrzelius,  proved  this  theory  to  be  erro- 
neous. iJumas  ^  many  years  later  niodilied  I'rout's  hypothesis, 
inasmuch  as  he  assumed  that  the  unit  weight  of  liydrogen 
consists  of  two  or  even  of  four  atoms,  and  that  hence  the  atomic 
weights  of  the  other  elements  must  be  regarded  as  multiples 
of  05  or  0-25.  The  careful  quantitative  investigations  of  Ber 
zelius,  Marignac,  and  especially  those  of  Slas,'  wiiich  latter  were 
carried  out  with  extreme  care  for  the  purpose  of  ascertaining  the 
truth  of  Dumas's  hypolhesi?,  have  however  conclusively  shown 
that  the  atomic  weights  of  many  elements  are  multiples  neither 
of  1,  nor  of  0-5,  nor  of  025. 

'  Aiionvnioiinly  pnlilishi'd  in  Tliomson's  ./(nnnZ*  <)/■  f*i7o«>p^;/.  Tol.  vi.:  "On 
the  RolntioiiB  liciwcen  the  SixHrific  Gravities  of  B(Hlies  in  their  Gawous  State  auJ 
the  Wright  of  their  AIotiib. 

'  Jtin.  Ckim   Phi/a.  [3],  Iv.  ICn  '  Xnuvelltt  Reeherthtt,  ite. 
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It  is  nevertheless  remarkable  that  the  atomic  weights  of 
many  elements  whose  combining  numbers  have  been  accurately 
detei-mined,  approach  very  closely  to  whole  numbers.  Thus, 
for  instance,  we  have  : 

Lithium 7  01 

Nitrogen 14'01 

Oxygen 1596 

Sodium 2299 

Sulphur 31-98 

Totassium SQ-Oi 

On  the  otlier  hand,  certain  elements  possess  atomic  weights 
which  are  distinctly  and  cousiJeiably  removed  from  the  unit. 
Thus,  for  instance,  we  find : 

Chlorine 3o-37 

Bromine 79-75 

Iodine 12G'53 

Silver 107-6G 

These  numbers,  it  is  well  to  remember,  are  all  of  them 
accurate  to  within  xiixiu  ^f  their  amount,  whilst  some,  such  as 
chlorine  and  silver,  are  accurate  to  within  rvitns  ^^  *^6  "whole. 
In  certain  other  elements  the  error  attached  to  the  atomic 
weight  amounts  to  1  per  cent.,  whilst  in  a  few  cases  tlie  probable 
error  reaches  as  higli  an  amount  as  one-tenth  of  the  total  value. 
697  Another  important  relationship  which  has  long  been 
known  and  which  requires  explanation,  if  I'roiit's  hypothesis  be  ' 
not  accepted,  is  the  fact  that  in  the  case  of  groups  of  analogous 
elements  the  atomic  weights  frequently  increase  in  the  same 
ratio.  As  long  as  Front's  hypothesis  was  adopted  it  appeared 
reasonable  to  employ  these  relations  between  the  atomic  weights 
for  the  purpose  of  checking  the  atomic  weights  of  those  elements 
which  had  been  less  exactly  determined,  by  means  of  those  for 
which  a  more  accurate  determination  existed.  Thus,  for  instance, 
the  following  atomic  weights  were  adopted  : 

DifTerenee.  DilTeruuce. 

0  =  16  Li  =  7 

16  16 

S  =  32  Na  =  23 

3  X  16  16 

Se  =  80  K  =  39 

3x16 
Te=128 


PEOUT'S  HYPOTHESia 


EOS 


It  was  assumed  that  these  regular  differences  were  to  be 
explained  by  a  common  diflerence  in  the  composition  of  the 
80-called  atoms,  similar  to  that  observed  in  the  homologous  series 
of  the  carbon  compounds,  or  rather  in  the  compound  radicals 
supposed  to  exist  in  these  compounds  ;  as,  for  instance,  methyl, 
CHj,  ethyl,  C'^H^.  propyl,  CjH,,  butyl,  C^Hg,  &e.  In  this 
case,  however,  the  diflerence  between  each  member  of  the 
series  and  the  next  is  a  constant  one,  whilst  in  the  case  of  the 
natural  families  of  the  elements  this  is  not  the  case.  At  the 
same  time  the  increase  of  tiie  atomic  weights  is  almost  always 
either  nearly  a  constant  or  some  multiple  of  that  constant, 
as  is  seen  by  reference  to  the  following  examples : 


Diir. 


Dirr. 


Dlff. 


Diir. 


N  =1401  O  :=16-96  F  =19-1  Na  =  22-99 

16-95  1602  16-27  H'OB 

P   =80-96  S   =81-98  CI  =85-37  K  -3904 

43-94  47-02  44-88  46-16 

As  =74-9  8e  =  79  Br  =79-75  Pb  =852 

471  49  46-78  475 

Sl>=122  Tc  =  128  I    =126-53  Ca  =132-7 


6g8  These  singular  relationships  have  been  made  the  subject  of 
inquiry  and  discussion  on  the  part  of  many  chemists.  Thus, 
Lothar  Meyer '  in  18G-1  tabulated  a  large  number  of  such 
groups  and  arranged  a  certain  number  of  the  elements  in  the 
order  given  in  tlie  above  table,  according,  in  the  first  place,  to 
the  magiiitude  of  their  atomic  weights,  and,  in  the  second  place, 
according  to  their  atomicity. 

It  is,  Iiowever,  to  Mendelejeff-  that  we  owe  a  complete 
tabulation  of  the  elements,  even  of  those  whose  atomic  weights 
were  then  uncertain.  He  proved  that,  in  such  a  consecutive 
series,  closely  allied  elements,  or  those  which  belong  to  one 
family,  follow  each  other  in  regular  periods.  The  whole  series 
may  thus  be  divided  into  groups,  so  that  when  tlie  elements 
are  placed  under  one  another,  each  member  of  the  group  forms, 
with  those  lying  alongside  of  it,  a  vertical  series  coutaining  a 
natural  family.  The  arrangement  as  first  proposed  by  Mendelejefif 
contained  many  irregularities  and  many  doubtful  cases,  which 
were  gradually  brought  into  harmony  as  the  true  atomic  weights 
of  these  particular  elements  were  ascei-tained. 


'  iloderju  Theorini  dtr  Chemif, 


'  Zeittchr.  Chtm.,iS60   405. 
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PERIODIC  LAW  OF  THE  ELEMENTS. 

699  The  first  attempt  to  point  out  that  the  properties  of  the 
elements  varied  periodically  was  made  by  Newlands  in  1863, 
but  the  statement  did  not  at  the  time  attract  general  attention, 
as  a  systematic  arrangement  of  the  elements  according  to  their 
atomic  weights  appeared  to  some  chemists  to  be  almost  as  absurd 
as  the  proposal  of  an  alphabetical  arrangement  of  the  elements 
as  a  natui-al  one  would  be.' 

The  law  of  periodicity  was  afterwards  further  developed  by 
Meyer^  and  Mendelejeff,*  and  thus  a  natural  classification  of  the 
elements  was  shown  to  exist,  which  however  is  in  some  instances 
still  somewhat  arbitrary,  inasmuch  as  even  at  the  present  time  the 
atomic  weight  determinations  of  some  of  the  elements  are  far 
from  being  e.xact.  These  relations  are  clearly  exhibited  in  the 
table  on  page  507. 

From  tliis  it  is  seen  that  the  elements  can  be  classed  into 
eight  chief  groups,  several  of  which  are  again  divisible  into 
sub-groups.  The  first  chief  group  contains,  in  the  first  place, 
the  Jiietals  of  the  alkalis,  to  which  the  copper  group  is  attached 
by  the  isomorphism  of  some  silver  salts  with  those  of  sodium. 
These  series  also  agree,  inasmuch  as  they  both  form  basic  oxides 
having  the  composition  M.,0. 

The  second  chief  group  also  consists  of  two  sub-groups,  (1) 
the  metals  of  the  magnesium  group,  and  (2)  those  of  the  calcium 
group,  several  members  of  which  are  connected  together  by 
isomorphous  relations. 

In  the  third  chief  group  we  find  the  elements  which  form 
sesquioxides.  The  three  last  members  are  metals  whose  sulphates 
yield  alums  with  the  sulphates  of  the  alkali  metals,  whilst 
connected  with  these  we  have  the  metals  of  the  cerium 
group,  of  which  there  are  probably  several  members  yet  to  be 
discovered. 

Next  comes  the  group  of  the  tetrad  elements,  which  may 
probably  be  divided  into  two  sub-groups. 

Fifthly  comes  the  characteristic  nitrogen  group,  which  is 
intimately  connected  with  the  sub-group  of  vanadium,  niobium, 
and  tantalum. 

The  sixth  group  is  divided  into  two  sub-groups,  being  con- 

>  Chemical  fftnct,  Tii.  70  ;   x.  59  ;  xxjtii.  21,  121). 
*  Ann.  Chem.  Pharm.  Suppl.  viL  354.  •  Hid.  viii.  ISS. 
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nected  ty  the  isomorphous  relations  of  the  chromates  and 
molybdates  with  many  sulphates  and  selenates. 

In  the  seventh  group  we  find  the  chlorine  family,  with  which 
manganese  and  ruthenium  are  closely  connected  owing  to  the 
isomorphism  of  the  perchlorates,  permanganates,  and  perrutheu- 
ates ;  it  is  doubtful  whether  osmium  ought  to  be  classed  in  this 
group,  although  like  the  two  other  metals  of  its  group  it  is 
readily  oxidizable. 

Lastly,  in  the  eighth  group,  we  have  the  iron  family  and  the 
other  members  of  the  platinum  group,  which  are  closely  related 
to  the  metals  of  the  seventh  group,  by  virtue  of  the  analogy 
existing  Ijetween  the  compounds  of  these  metals  and  the 
cyanides  of  iron  and  the  cobaltanune  salts. 

700  Many  other  analogies  of  the  elements  are  exhibited  by 
such  an  arrangement.  Those  which  belong  to  difl'erent  groups, 
but  which  formerly,  owing  to  similarity  in  chemical  and  physi- 
cal properties,  were  classed  together,  are  found  in  the  natural 
system  in  close  proximity.  Thus,  for  instance,  lithium  and 
magnesium,  which  both  form  difficultly  soluble  carbonates ; 
and  boron  and  silicon,  which  yield  closely  corrcsponduig 
volatile  iluoridea  as  well  as  oxides  which  possess  a  certain 
analogy,  are  found  not  far  removed  from  one  another.  Lead 
is  also  placed  close  to  thallium  ;  cadmium  on  the  same  line 
with  indium  and  tin,  and  vanadium  next  to  phosphorus.  The 
vanadates  exhibit  a  singular  analogy  with  many  chromates, 
and,  for  this  reason,  these  elements  were  at  one  time  classed 
together,  just  as  tellurium  was  formerly  considered  to  be  closely 
connected  with  antimony. 

These  relations  are  still  more  strikingly  exhibited  if  the  table  be 
rolled  spirally  round  a  cylinder,  for  in  this  way  elements  which 
are  connected  together  by  the  isomorphism  of  many  of  their 
salts  come  close  together ;  as,  for  example,  the  iron  and  copper 
group  with  the  :nagnesium  group,  and  the  silver  and  mercury 
groups  with  the  metals  of  the  gold  group. 

Our  table  contains  two  exceptions  marked  with  notes  of  intei^ 
rogation.  Tellurium  stands  before  iodine,  and  osmium  before 
the  other  metals  of  its  group  whoso  atomic  weights  are  smaller. 
We  do  not  at  present  know  how  these  exceptions  are  to  be 
explained  ;  it  may  however  be  remarked  that  the  atomic  weights 
of  all  the  members  of  the  gold  group  require  revision,  as  is 
proved  by  the  result  of  the  recent  determination  of  the  atomic 
weight  of  iridium. 


I 
I 


Tellurium  belongs  most  decidedly  to  the  oxygen  group,  and 
in  the  same  way  ruthenium  is  closely  connected  with  man- 
ganese. Osmium  is,  again,  intimately  allied  to  ruthenium,  so 
that  they  must  certainly  be  classed  together. 

701  Another  glance  at  the  table  shows  that  matter  becomes 
endowed  with  analogous  properties  when  tlie  atomic  weight 
of  an  element  is  increased  by  the  same  or  nearly  tlie  same 
number.  Thus,  st-arting  from  lithium,  we  find  that  its  more  im- 
portant properties  reappear  in  sodium,  whose  atomic  weight  is 
greater  by  sixteen,  whilst  another  increment  of  about  sixteen 
units  brings  us  to  potassium.  If  we  add  about  forty-six  to  this, 
we  then  arrive  at  rubidium,  and  nearly  the  same  increment  again 
brings  us  to  the  atomic  weight  of  caJsiunL  Similar  relations 
are  also  observed  in  the  case  of  other  series,  and  hence  we  con- 
clude that  the  chemical  properties  of  the  elements  are  aperiodie 
function  of  their  atomic  veiijhts. 

The  magnitude  of  the  atomic  weight  in  the  several  groups  has 
a  distinct  influence  on  the  chemical  character  of  the  elements. 
Thus,  for  instance,  in  groups  three  and  four  the  lower  members 
chiefly  give  rise  to  acids,  whilst  the  higher  members  of  the 
series  yield  basic  oxides.  On  the  other  hand,  elements  which 
are  placed  in  the  centre,  such  as  aluminium,  yield  oxides  which 
act  at  the  same  time  both  as  weak  acids  and  bases.  The  special 
characteristic  of  the  elements  of  groups  six  and  seven  is  the 
formation  of  acids,  which  are  the  stronger  the  lower  the  atomic 
weight,  whilst  in  the  case  of  groups  one  and  two  the  bases  formed 
are  more  powerful  the  higher  the  atomic  weight  of  the  element 
is.  "We  also  find  in  other  groups  that  the  increase  of  the  atomic 
weight  is  accompanied  by  increase  in  the  acid-forming  power  of 
the  oxides,  or  in  the  decrease  of  their  basic  properties. 

702  The  quantivalence  or  atomicity  of  the  elements  may  also 
be  regarded  as  a  function  of  the  atomic  weight,  and  here  the  rela- 
tion is  even  more  clearly  seen  than  it  is  in  the  case  of  the  general 
chemical  characters  of  the  elements  which  we  have  already 
considered.  Thus,  for  instance,  the  first  meniljers  of  each  of 
the  chief  groups  form  the  following  compounds  with  either 
clilorine  or  hydrogen: 

LiCl      BeCl,      BCl,      CH,      NHj      OH,      FH. 

The  quantivalence  of  the  elements  of  these  scries  gradually 


I 
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from  ODe  to  foar,  and  then  as  gradaallj  dimiiriAw 
A  nmilar  pbeDomenon  ia  observed  ia  the  oUier 


AgCl    CdCl,    InQ,    SnCl,    SbH,    TeH,    IH. 

703  Other  relationships  also  exhibiting  a  periodic  Tmzia- 
tion  with  the  atomic  weight  are  obsenred  when  we  oompaie 
the  oxides,  hydroxides,  and  hydrates.  Or,  inasmudi  as  &e  last 
series  of  compounds  is  veiy  incompletely  known,  we  may 
take  their  corresponding  methyl  compounds,  or  methide^  wliidi 
present  close  similarity  to  the  hydrides  : 


Oxide. 

H^dtozidif. 

H/dride.               Met&idr. 

Na,0 
MgA 

A103 
pp. 

ClA 

XaOH 

Mg(OH), 
Al(OH). 

Si(OH), 

ro(OH). 

SO,(OH). 
C10,(0H) 

Sin, 

PHs 
Clll 

Xa(CHO 
MgCCI^, 
A1(CHJ, 
Si(CH,)^ 

ci(chJ 

In  onler  to  render  these  relations  more  clearly  visible,  the 
above  formula:  have  been  written,  so  as  to  show  the  correspon- 
dence in  composition,  without  reference  to  their  true  molecular 
weights.  Of  the.se  compounds  chlorine  heptoxide  is  not  known, 
the  corresponding  perchloric  acid  only  having  been  prepared. 
Tiie  probability  that  it  can  exist  is  however  very  considerable, 
inasmuch  as  we  are  acquainteil  with  manganese  he[)toxide. 

As  may  be  seen  from  the  alxjve  table,  o.xygen  behaves  in  a 

totally  different  manner  to  hydrogen  and  the  monad  radicals ; 

but  the  oxides,  whetlier  basic  or  acid-forming,  stand  in  intimate 

relation   to  their  hydroxides,  and  these   again   to   their  oxy- 

salts. 

ft 

The  composition  of  the  hydroxides  depends,  on  the  other  hand, 
on  that  of  their  corresponding  hydrides,  inasmuch  as  the  number 
of  the  hydro.\yls  which  are  replaced  by  oxygen  in  the  oxide  is 
equal  to  the  number  of  hydrogen  atoms  in  the  hydride. 

704  If  we  were  to  deduce,  as  some  chemists  are  accustomed  to 
do,  the  quantivalcnce  of  the  elements  from  the  composition  of  the 
above-named  oxides,  the  elements  of  the  nitrogen  group  must  be 
considered  as  pentads,  and  the  two  following  groups  as  hexada 


I 


and  heptsuls.  But  the  original  idea  of  quantivalence  (see  voL  ii 
part  i,  page  28)  was  deduced  from  the  observatioQ  that  different 
elements  combine  with  1,  2,  3,  or  4  atoms  of  hydrogen  to  form 
volatile  compounds,  no  compounds  with  5,  6,  or  7  atoms  of 
hydrogen  being  known.  In  order  to  avoid  confusion  in  this 
respect  Lothar  Meyer*  has  introduced  the  term  indix  of  affinili/, 
by  which  be  signifies  the  quantivalence  obtained  from  the  con- 
sideratinu  of  the  composition  of  the  highest  oxides.  He  has 
shown  that  these,  as  well  as  their  liydroxides,  may  be  represented 
by  the  general  formula 

when  (X)  signifies  the  element  in  question,  (v)  the  index  of 
affinity,  and  (n)  a  small  whole  numher.  The  compounds  given 
on  page  512  correspond,  amongst  others,  to  the  above  formula. 
jMany  of  these  furinuhe  are  divisible  by  two,  and  the  simple 
formula?  ordinarily  in  use  are  thus  obtained.  In  a  similar  way 
the  forrauhe  of  the  chlorates,  sulphites,  selenites,  nitrites,  and 
piiosphites  may  be  represented  by  the  general  formula 


I 


HaiXjO, 


T+D->» 


and  the  chlorites,  hypophosphites,  and  hj'posulphites  hy  the 
formula 


HsaXjO, 


»^T+I1  -♦» 


&c. 


The  oxychlorides  and  chlorides,  &c.,  may  be  represented  in 
a  sinular  way,  and  thus  a  classification  may  be  introduced 
corresponding  to  that  which  has  long  been  employed  in  organic 
chemistrj'.  Up  to  the  present  time,  however,  such  an  arrange- 
ment has  been  necessarily  incomplete  in  the  case  of  inorganic 
compounds,  and  one  of  the  most  important  problems  to  the 
solution  of  wliich  chemista  have  to  direct  their  attention  is 
the  discovery  of  the  general  law  which  govenis  the  relation- 
ships observed  in  the  natural  classification  of  the  elements, 
for  this  law  will  express  the  mode  of  the  formation  of  all 
chemical  compounds. 


'  JicT,  Vculkh.  Chem.  Ga.  vL  101. 
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ATOMIC  VOLUME  AND  ATOMIC  WEIGHT. 

705  Mendelejeff  and  Meyer  have  also  shown  that  uot  only 
the  clieniical,  but  also  the  physical,  properties  of  the  elenieuls 
stand  in  close  relationsliip  with  their  atomic  weights,  and  that 
these  properties  also  exhibit  a  close  connection  and  periodic 
relation.  Into  this  part  of  the  subject  we  cannot,  however, 
here  enter,  reserving  it  for  the  chapter  on  theoretical  chemistry. 

One  point  only  we  shall  here  mention,  namely,  the  rela- 
tionship which  exists  between  atomic  weight  and  atomic  volume. 
By  this  last  property  we  understand  the  number  obtained  by 
dividing  the  atomic  weight  by  the  specific  gravity  of  the  element. 
This  undergoes  a  regular  increase  or  diminution  with  variation 
of  the  atomic  weight,  as  is  shown  in  the  following  table,  in 
which  MendelejefTs  arrangement  of  the  elements  has  been 
adopted  for  reasons  which  will  be  given  later  on : 


Table  of  Atomic  Volume 

-delations. 

U=119 

B<!=«< 

B=tl 

c~ao                N=t                1 

(04») 

(21) 

(««*)      . 

(88) 

N<«=M-7 

Mft=l»-8 

AI=I"T 

81=11  a 

P=13-6) 

iUVT) 

(1.74) 

(S30) 

{a«) 

Cii) 

KssM'l 

C«=::2.'.-4 

—  ? 

■n=f 

V=»-8 

(oa«) 

(1S7) 

(5  5) 

Cn=7-5 

Zn=fll 

-J 

—  ? 

A!i=13  2 

(««) 

(7  14) 

(4  67) 

Tlie  lumibcrs  in  brackets  are  the  specific  gravities  ;  the  others 
are  the  atomic  volumes, 
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706  Mendelejeff  has  pointed  out  that  the  periodic  law  may 
be  employed  for  the  correction  of  doubtful  atomic  weights,  and 
also  for  predicting  the  probable  existence  and  properties  of 
elements  which  have  hitherto  not  been  recognised. 

The  following  examples  may  serve  to  explain  this  important 
appUcation  of  the  law  : 

(1)  The  atomic  weight  of  molybdenum  is  by  some  chemists 

assumed  to  be  Mo  =  96,  whilst  others  take  it  in  round  numbers 

to  be  Mo  =  92.      The  latter  number  does   not   fit   into  the 

natural  system,  inasmuch  as  in  this  case  molybdenum  would 
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be  placed  before  niobium,  and  in  the  neighbourhood  of  elements 
with  which  it  does  not  exliibit  any  analogies.  The  newer  atomic 
weight  determination  of  Liechti  has  confirmed  these  views,  in- 
asmuch as  the  tnie  number  appears  to  be  956. 

(2)  Uranium  was  formerly  supposed  to  have  an  atomic  weight 
of  60,  and  at  a  later  period  this  number  was  doubled.  The  specific 
heat  of  tliis  metal  lias  not  yet  been  determined,  and  neither  of 
the  above  numbers  Jits  into  the  natural  system.  In  the  first 
instance  the  metal  would  be  placed  between  nickel  and  copper, 
and  it  does  indeed  show  certain  analogies  with  the  metals  of 
the  iron  group.  But  in  order  that  the  formulre  of  its  oxides 
miglit  agree  with  those  of  the  oxides  of  iron,  uranium  waa 
taken  to  possess  an  atomic  weight  of  120  ;  this  alteration  woidd 
place  it  between  tin  and  antimony,  metals  with  which  it  cer- 
tainly has  no  analogies.  Moreover,  botli  the  above-mentioned 
atomic  woights  are  out  of  accord  w^ith  the  specific  gravity  of 
18-4,  which  uranium  is  found  to  possess.  The  atomic  weight 
of  2-10,  which  is  now  generally  adopted,  gives,  however,  to 
uranium  a  natural  position  in  the  chromium  group. 


ON  THE  EXISTENCE  OF  UNDISCOVERED 
ELEMENTS. 


707  A  cursory  inspection  of  the  last  table  shows  the  existence 
of  three  spaces  in  which  no  element  occurs,  and  many  more  such 
spaces  are  noticed  when  all  the  elements  are  compared  togetlier 
in  a  similar  way.  According  to  MendelejefF  this  is  to  be 
explained  by  the  supposition  that  these  spaces  indicate  the 
positions  to  be  occupied  by  elements  which  have  hitherto 
remained  undiscovered  ;  and  he  suggests  that,  in  this  way,  it  is 
possible  to  predict  not  only  the  existence,  but  even  the  i)ropertie3 
of  hitherto  unrecognised  elements.  In  order  to  avoid  the  intro- 
duction of  a  new  nomenclature,  Jlendelejeff  proposes  to  derive 
the  names  of  the  missing  elements  from  the  name  of  the  finjt 
member  of  the  aeries,  prefixin,:?,  for  the  purpose  of  discrimi- 
nation, the  Sanscrit  numbers  eka,  dun,  tri,  tsclvatur.  The  three 
spaces  in  the  foregoing  table  will,  therefore,  be  filled  up  by  the 
names  flahoron,  ekahtiainium,  and  ekasilicon.  Eespecting 
the  second  of  these  ^lendelejeff  says :  "  In  its  properties  it 
stands   between  zinc  and  ekasilicon,  on  the  one  hand,  and 
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between  aluminium  and  indium  on  the  other.  Like  the 
latter,  it  forms  a  sesquioxide ;  its  atomic  weight  is  about  68, 
its  specific  gravity  about  60,  and  its  atomic  volume  approaches 
11'5."  These  predictions  have  been  verified  in  the  most  remark- 
able manner.  Ekaluminium  turns  out  to  be  Lecoq  de  Bois- 
baudran's  gallium,  which  has  an  atomic  weight  of  69  8,  a 
specific  gravity  of  5'9,  and  an  atomic  volume  of  ll'S.  Whether 
the  other  predictions  will  prove  equally  successful  time  alone 
can  show. 

The  natural  classification  of  the  elements  founded  upon  the 
relations  exhibited  by  the  atomic  weights  will,  at  some  future 
period,  form  the  starting-point  for  a  true  theory  of  chemical 
affinity.  It  will  lead  to  the  establishment  of  a  system  of 
inorganic  chemistry  corresponding  to  the  much  more  complete 
system  which  now  exists  for  organic  compounds.  Certain 
analogies  thus  become  apparent  which,  without  such  a  classifica- 
tion, might  have  been  overlooked.  Thus  it  could  scarcely  have 
otherwise  happened  that  oxygen  and  chromium,  chlorine  and 
manganese,  boron  and  indium,  or  sodium  and  copper,  could 
be  considered  as  analogous  bodies  belonging  to  the  same  natural 
groups.  Much  less  probable  does  it  appear  that  chemists  should 
be  able  thus  to  predict  not  only  the  existence  but  even  the 
physical  and  chemical  properties  of  hitherto  undiscovered 
elements. 
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that  there  is  the  largest  possible  amount  of  difference  of  pres- 
sure always  kept  up  between  the  two  cylinders.  In  the  tube 
(r)  the  pressure  is  so  regulated  that  the  liquid  sulphur  dioxide 
evaporates  at  a  temperature  of  —  65°.  The  gaseous  SO,  passes 
through  the  pumps  and  is  condensed  to  a  liquid  by  a  stream 
of  cold  water  whjcli  surrounds  the  reservoir  (c)  at  a  tempera- 
ture of  +  25°,  and  under  a  pressure  of  275  atmospheres.  The 
liquid  then  flows  back  through  the  small  tube  (z)  into  the 
tube  (K).  (o)  and  (o')  are  two  smaller  pumps  which  act  upon 
litjuid  carbon  dioxide  wliich  is  contained  in  the  tube  (s).  These 
pumps  are  so  arranged  that  the  evaporation  of  the  liquid  takes 
place  from  the  tube  (s)  at  a  temperature  of  - 140°,  this  being 
suiTOunded  by  the  liquid  sulphur  dioxide,  and  flowing  under 
a  pressure  of  five  atmospheres  through  the  tube  (s)  into  the 
tube  or  cylinder  surrounding  the  tube  (a).  All  these  portions 
of  the  apparatus  are  made  of  strong  cold-drawn  copper  tubes 
able  to  resist  a  high  pressure.  (b)  is  a  strong  wrought-iron 
retort  employed  for  the  evolution  of  the  gas  about  to  be  con- 
densed. The  gas  thus  generated  passes  into  the  long  thin 
copper  condensation-tube  (a),  four  meters  in  length,  which  is 
surrounded  liy  a  batli  of  liquid  carbon  dioxide  at  a  constant 
temperature  varying  from  —  120°  to  —  140°.  The  end  of  this 
condensation-tube  is  provided  with  a  well-fitting  stopcock  (T^ 
and  a  Bourdon's  manometer  at  (m),  capable  of  indicating  a 
pressure  up  to  800  atmospheres.  'With  this  apparatus  oxygen 
was  first  condensed  on  the  '22nd  December,  1877. 

710  Tlje  following  description  of  the  experiment  will  render 
intelligible  the  working  of  the  process : 

(1.)  0  A.M. — The  pumps  for  condensing  and  rarefj-ing  the 
sulphur  dioxide  were  set  to  work. 

(2.)  9.30. — The  temperature  of  the  upper  tube  was  — 55°, 
The  pumps  for  condensing  and  rarefying  the  carbon  dioxide 
were  started. 

(3.)  10.40. — Temperature  inside  the  tubes  —  60°;  pressure, 
5  atmospheres.  800  litres  of  carbon  dioxide  have  been 
liquefied, 

(4,)  11.0. — The  shell  containing  the  chlorate  of  potash  is 
now  heated. 

(5.)  11.15. — The  temperature  of  the  carbon  dioxide  sinks  to 
—  130°.  The  pressure  of  oxygen  in  the  copper  tube  =  5  atmo- 
spheres. The  pressure  then  began  gradually  to  rise,  and  at  last 
it  remained  constant,  as  is  seen  in  the  following  table : 
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(6.)  12.10  p.m. 

—Pressure  ol 

oxygen   50  ats. ; 

temp. 

as  before 

(7.)  12.36  . 

.      .  .  100 

n 

it 

(8.)  12.37  . 

.  200 

It 

t> 

(9.)  12.38  . 

.  460 

>* 

>» 

(10.)  12.40  . 

.  525 

f] 

tf 

(11.)  12.-t2  . 

.  526 

ii 

» 

(12.)  12.44   . 

.  525 

ti 

u 

(13.)       1.0    . 

.  471 

» 

it 

(14)       1.5   . 

.  475 

i> 

t) 

The  pressure  now  remained  constant.  The  whole  of  the 
interior  of  the  glass  tube  was  filled  with  liquid  oxygen.  Ou 
opening  the  stopcock  at  the  end  of  the  oxygen  tube,  a  lustrous 
jet  of  liquid  oxygen  issued  with  great  violence,  whilst  around 
it  was  a  haze  of  particles  of  solid  o.xygen. 

On  January  lOth,  1878,  M.  Pictet,  in  Uke  manner,  succeeded 
in  liquefying  hydroijen  obtained  by  heating  potassium  formate 
with  caustic  soda.  At  the  end  of  the  experiment  the  pressure  in 
the  condensation  tube  became  constant  at  650  atmospheres  and 
at  a  temperature  of  —  140".  This  may,  therefore,  be  taken  to  be 
the  tension  of  liquid  hydrogen  at  that  temperature.  On  opening 
the  stopcock  a  stvcl-bltie  coloured  opaque  jet  of  liquid  hydrogen 
rushed  out  with  a  hissing  noi.se,  and  at  the  same  time  a  rattling 
was  heard  as  if  small  sliot  or  hail  had  fallen  on  to  the  ground 
This  appeal's  to  have  been  produced  by  particles  of  solid  hydro- 
gen formed  by  the  sudden  volatilization  of  the  liquid  striking 
the  ground.  When  the  pressure  sank  down  to  370  atmosphexes 
the  8to])cock  was  closed.  It  then  fell  to  320,  and  again  rose  to 
325  atmospheres.  At  this  moment  the  stopcock  was  again 
opened,  and  a  similar  continuous  stream  of  bydiogen  was  emitted. 


THE  SPECIFIC  GRAVITY  OF   LIQUID   OXYGEN. 

711  Dumas  bad  some  time  ago  stated  on  theoretical  grounds 
that  oxygen  and  sulphur  must  possess  equal  atomic  volumes,  and 
therefore  that  the  specific  gravity  of  the  first  in  the  liquid  state 
of  course  would  be  1,  as  that  of  sulphur  is  about  2.  Pictet  was 
able  to  confirm  this  prediction,  inasmuch  as  he  found  that 
45467  grams  of  liquid  oxygen  occupied  a  volume  of  4625  cbc. 

The  general  arrangement  and  appearance  of  Pictet's  apparatus 
is  shown  in  Fig.  194  on  the  next  page,  in  which  the  end  of 
tlie  oxygen  condensation-tube  (A),  the  stopcock  (v),  and  the 
manometer  (»0  are  seen. 
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CAILLETET'S    PROCESS    FOR    LIQUEFYING 
THE    GASES. 

The  apparatus  employed  by  M.  Cidlletet*  for  tlie  lique- 
faction of  oxygen  ami  hydrogen  is  shown  in  Fig.  195.  The 
first  part  of  this  apparatus  consists  of  a  powerful  hydraulic 
press,  the  soft  steel  cylinder  (a)  of  which  is  fixed  by  the  bands 
(bb)  on  to  a  horizontal  cast-iron  bed.  A  steel  piston  works 
into  this  cylinder  through  a  stuftiiig-box,  and  to  the  end  of  the 
piston  is  attached  the  screw  (k),  which  can  be  carried  baclvwards 
or  forwards  by  turning  the  wheel  (m)  either  in  one  direction  or 
the  other.  The  hydraulic  cylinder  is  filled  with  water  from  the 
vessel  (n),  and  this  communicates  with  the  interior  of  the  cylinder 
by  a  fine  opening,  which  can  be  perfectly  closed  at  pleasure  by 
means  of  a  conical  valve  attached  to  a  piston  worked  by  the 
wheel  (o).  On  withdrawing  tliis  piston  water  flows  into  the 
cylinder. 
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in  direct  cotmection  with  the  hydraulic  pump  by  means  of  a 
flexible  metallic  tube  (tu)  of  small  diameter.  A  steel  head  is 
firmly  screwed  on  to  the  upper  part  of  the  receiver  by  the 
screw  (e'),  and  this  head  carries  the  glass  tube  (t),  which  contains 


Fto.  19& 


the  gas  to  be  experimented  upon.  The  shape  and  mode  of 
fixing  this  tube  with  its  reservoir  of  gas  is  seen  in  Fig.  196  : 
whilst  iu  Fig.  l!)7the  same  is  shown  placed  in  position  with  the 
lower  portion  dipping  into  the  mercury  wLuch  fills  the  lower 


Fio.  197. 


part  of  the  steel  receiver.  As  the  glass  reservoir  is  exposed 
to  the  same  pressure  on  both  its  inside  and  outside  surfaces, 
its  dimensions  may  be  made  large  in  spite  of  tlie  extremely 
high  pressures  to  which  it  is  subjected  in  the  course  of  the 
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experiments.  The  thin  tabe.  on  the  other  hand,  vrhich  passes  ont 
above  the  steel  head  of  the  condenser  has  of  course  to  snpport  the 
ptessure  necessary  for  the  condensation  of  the  gases,  and  hence 
it  must  be  made  oi  strong  glass  with  a  capillary  bore.  A  ^ass 
cylinder  (m)  resting  on  the  iron  flange  (s)  serves  to  enable  the 
experimenter  to  surround  the  tube  either  with  a  freezing-mixture 
or  with  a  warm  liquid.  When  the  reservoir  has  been  filled  with 
the  pure  dry  gas  under  examination  the  end  of  the  tube  is  care- 
fully hermetically  sealed,  and  the  whole  screwed  into  position- 
Water  is  then  forced  into  the  receiver  from  the  hydraulic 
cylinder;  this  forces  the  mercury  into  the  reservoir,  and  the 
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compressed  gas  condenses  in  the  capillary  tube,  where  the 
changes  which  occur  can  be  readily  observed.  Tlie  position  of  the 
receiver  and  cai>illary  tube  is  shown  at  a  and  in  Fig.  195.  The 
pressure  is  measurcl  by  two  manometers  (x  and  x',  Fig.  195. 

With  this  apparatus  Cailletet  liquefied  ethylene  at  4-  4°  under 
a  pressure  of  4H  ntincspheres ;  acetylene  under  tlie  ordiuaiy 
tf'inpprature  at  a  pressure  of  86  atmospheres ;  nitric  oxide  and 
marsh  gns  required  to  be  cooled  to  -11°,  and  these  became 
liquid  at  the  respective  pressures  of  104  and  108  atmospheres. 
Oxygen  and  carbon  monoxide  remained  liquid  at  a  temperature 
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of  —29*  vuider  a  pressure  of  300  atinosplieres.  "VNTien,  how- 
ever, this  pressure  was  suddenly  reduced  a  thick  mist  was 
formed  in  the  tubes,  and  tliis  condensed,  forming  small  drops 
of  nitrogen  at  a  temperature  of  13  and  under  a  pressure  of  200 
atmospheres.  Hydrogen,  on  the  other  hand,  appeared,  when  tlie 
pressure  from  300  atmospheres  was  suddenly  removed,  in  tlie 
form  of  a  slight  mist,  but  dried  air  liquefied  under  a  pressure 
of  200  atmospheres  after  it  had  been  well  cooled  with  liquid 
nitrous  oxide. 

712  An  apparatus  for  exhibiting  the  liquefaction  of  the  difiB- 
cultly  condeusible  gases  has  been  constnicted  by  Messrs.  Ducretet 
et  Cie  of  Paris.'  Tlie  condensing  arrangements  of  this  apparatus 
are  seen  in  Fig.  198,  the  apparatus  of  the  receiver  and  glass 
tube  and  reservoir  being  identical  with  that  just  described 
(Fig.  197).  The  piston  of  the  hydraulic  cylinder  is  worked  by 
the  lever  (l),  and  by  this  means  a  pressure  of  200  atmosplieres 
can  be  reached.  In  order  to  increase  this  pressure  up  to  300 
atmospheres  a  steel  plunger  can  be  slowly  forced  into  the 
cylinder  by  means  of  the  first  wheel.  The  second  M'heel  works 
a  second  i)lut)ger,  by  the  withdrawal  of  which  the  pressure  can 
be  suddenly  diminished,  and  thus  the  temperature  so  reduced 
that  the  gas  is  liquefied  by  the  intense  cold  produced. 


•  Rue  de8  Feuillantiues,  89. 
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•<(•  Tht  Strond  Volumt  has  been  puhliihed  t»  Two  Parti,  itparattly  pa^td.  This 
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Axta.;  produrta  of  combustion  of  gtm- 

powdcr,  i.,  85 
AbTssicia  ;  gold  in,  ii.,  301 
Act'lic  (uiil,  aucicBt  reference*  to,  i.,  33 
Awlylene,  liquefaction  of,  625 
Aciil-forming  oxiiloj  of  roetalii,  i.,  32 
Addit,  general  pn>pertie8  of,  i^  33 
Africa :  gold  in.  ii.,  3(!1 
Agricola ;  niu<li!  of  refining  laltpetre,  i., 
7V:  zinc  sulphate,  2U1    copper  unelt- 
ing,  319  ;  andeut  manufacture  of  iron, 
ii.,  34, 45 ;  green  vitriol,  9i  ;  iron  and 
copper  pyrites,  119;  cohalt,  128:  pro- 
cess of  tiouing  iron,  i.'37  :  bismuth, 330 
Air,  atmofiplieric  liquefaction  of,  ii.,  5*3 
Aix-U-Chapelli! ;  iruu  furnaces  at,  ii.,  55 
Alchemy,  seiirch  after  the  philosoper*s 

stone,  ii.,  3<W 
Alfreton ;  gasen  in  bUsi-f  urnaee  for  smelt- 
ing iron,  ii ,  55 
Algarotus ;  powder  of  Algaroth,  ii..  317 
Alxali  group,  metal.s  uf  the,  i.,  23,  55 
AlluUi-makcr's  waste,  i.,  151 
Alkali  manufacture,  i.,  133 
Alkali,  volatile  (ammonia),  i.,  173 
Alkalioo  earths,  metals  of  the,  i.,22, 187 ; 

history  of  their  discovery,  '*• 
Alloys,  metallic,  i.,  6 
Alloys  of  copper,  i.,  326 
Alluvial-wusiiiug  for  gold  (iwOold) 
Alumina,  ■.,  443 
AJaminates,  i.,  445 
Aluminium  and  oxygen,  i..  443 
Aluminium  bromiile,  i.,  447 
Aluminiiitu  chlonde,  i.,  446 
Aluminium  fluoride,  i.,  448 
Aluminium  group  of  metals,  i.,  23 
Alumiuium  iwlide,  i.,  447 
Aluminium  nitrate,  i.,  457 
Aluminium  oxide,  i.,  443 
Aluminium,  phosphates  of,  i.,  457 
Aluminium,  silicates  of,  i.,  457 
Aluminium  so<1iuni  fluoride,  i.,  44S 
Aluminium  sulphnte,  i.,  449 
Alums,  neutral  and  basic,  i.,  455 


Amalgams,  i.,  9, 3tK4 

America:  gold  in,  ii.,  361,  363;  its  disco- 
very in  California,  301 
American  hematites,  ii.,  38 
Ammoniocal  auric  oxide,  ii..  378 
Ammoniacal  colwilt  compounds,  ii.,  135 
Ammuuiacal    compoimds  of    copper,  >., 

338 
Ammoniacal  chromic  salts,  ii.,  161 
Ammoniacal  iridium  compounds,  ii.,  446 
Ammoniacal  osmium  compounds,  ii.,  4(13 
Ammoniacal  palladium  compounds,  ii., 

439 
Ammoniacal    platinum    compotmds,  ii., 

408 
Ammoniacal  rhodium  compoimds,  ii.,  436 
Ammoniacal  ruthenium  compounds,  ii., 

454 
Ammonio-cobaltona  salts,  ii.,  138 
Animonio-silver  chromate,  ii.,  170 
Ammonio-silviT  oxide,  i.,  363 
Ammnniuni-alum,  i.,  456 
Ammonium  amalgam,  i.,  174,  395 
Ammonium  antimonate,  ii.,  315 
Ammonium  aur-anuuouium  sulphite,  ii,, 

380 
Ammonium  aurocyanide,  ii.,  383 
Ammonium  bromide,  i.,  178 
Ammonium  carbonate,  normal,  i.,  183 
Ammonium  chlorate,  i.,  178 
Ammonium  chlurniirate,  ii.,  383 
Ammonium  chloride,  i.,  175 
Ammonium  chromic  sulphate,  ii.,  165 
Ammonium  cyanate,  i.,  183 
Ammonium  ryanaiirntv,  ii.,  385 
Ammonium  ryaniile,  i.,  183. 
Ammonium  dirhromate,  ii.,  173 
Ammonium  dimolybdate,  ii.,  195 
Ammonium  fcrricyanide, ii..  Ill 
Ammonium  ferrocyanide,  ii.,  108 
Ammonium  ferrous  sulphate,  ii.,  96 
Ammonium  fluoride,  i.,  178 
Ammonium  fluoxyvanadates,  ii.,  297 
Ammonium  heptasulphide,  i.,  185 
Anunonium  bexchromate,  ii.,  173 
Ammonium  bydrosulphidc,  i.,  184 
Ammonium  bjpoTaaoate, ii.,  293 
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iron  '»'■«,  3ft 
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ii.,4»» 
Aii\iji\t<m»  honx,  i ,  127 
A>iri>«Iiri^  of  kUm.  i.,  4M 
AntinvjnaUM,  li.,  314 
Antir/i'mial  mffron,  ii.,  323 
Aritirnorjic  aci'Ii,  ii.,  313 
Antirn'jTiioiiJi  a/i'l,  ii.,  312 
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Atitiifiony  group  of  metal*, i.,  23 ;  ii.,  277 
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Anliiiiony  Cutilnum),  ii.,  301—329;  me- 
tallic, itii  preparation,  302;  "Star- 
antimony,"  3^*3 ;  proix-rtiea  of  anti- 
mony, 'MT>;  fiploKivc  or  riectrolytie- 
antimony,  30fl;  uaiw  of  antimony,  tA. ; 
tartar  cmi'tic,  ih.;  alloys,  307;  type- 
miftal,  ih. ;  llritannia  mntal,  ih, ;  pew- 
ter, t/>. ;  white  or  anti-friction  metal. 
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Arvenates  of  cobalt,  £^  131 

AmaiM  of  eofftr.  i_  341 

Arsecaus  of  macixaiDat,  u,  349 

ArsFnic  and  cofaait.  n_  141 

ArK-nic  and  copper.  L.  345 

Arsenic  and  iron.  ii.  !•** 

Arsenic  and  nickel,  ii,  IM 

Arsenic  in  irtn.  iL.  dS 

Anetsixes  and  anenalea  of  nUver.  i.,  3T9 

A^hbury  metal,  analyais  of,  ii.,  306 

A.<MLy  of  gold,  iL.  3S7 

Atomic  heat  of  met^  i..  14 — SO 

Atomic  Tolame  and  atomic  weight,  u., 
512 :  correction  of  doubtful,  513 

AtcHnic  weight  of  metals,  i.,  14 — 16 

Atomic  weights :  aluminiom,  L,  461 ;  an- 
timony, ii..  327:  barium,  i,,  230;  be- 
ryllium, 236:  iHsmoth,  ii.,  344;  cad- 
mium, i.,  169;  cssium,  173;  caleiam, 
213 ;  lead,  299 :  cerium,  431 ;  cfananinm, 
ii.,  1?2;  cohah.  143;  copper,  i,  346; 
gold,  ii.,  387;  iron,  123;  lanthannm, 
i..  427;  lithium,  163;  magneriom,  2S0 ; 
mangane«e,  ii.,  27 ;  mercuiT.  i.,  417 ; 
molybdenum,  ii.,  200;  niobium,  358; 
osmium,  464 ;  palladium,  431 ;  plati- 
num. 422,  potassinm,  i.,  102 ;  rhodium, 
ii,  437 ;  rubidium,  i.,  109 ;  rutheniom, 
ii.,  456 ;  silver,  i..  387 ;  aoda,  156 :  atron- 
tium.  218;  thallium,  308 :  tin,  ii.,  254; 
titanium,  266 ;  tungsten,  217;  uiaaiaflQ« 
229;  TaDadiam,306;  sine, L, 285 
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Atomic  vcif^htii,  correction  of  doabtful, 
ii.,  513 

Attic  lironu-  coin,  nn:i1ysi«  of,  ii.,  239 

AuluB  (jlcllius:  rubidium  i.,  105 

Aurat«fi,  ii.,  38o 

Amic  bromide,  ii.,  3S4 

Auric  chloride,  ii.,  3)f3 

Auric  cyniiide,  ii.,  354 

Auric  iotliiie,  ii.,  384 

Auric  saltii,  ii.,  392 

Atuic  thiiK-yauAte,  ii.,  385 

AurouB  bromide,  ii.,  379 

Anroui  chloride,  ii.,  379 

AurouB  cynnidc,  ii.,  3til 

Auroni  iodide,  ii.,379 

Aurout  daltii,  ii.,  379 

Anroun  thiocjanate,  ii.,  383 

Australia;  Ttrtxturtiou  of  tin  in,  ii.,S32; 
gold-fiel<ln  of,  3ii2 ;  gold  discovered  by 
Count  Strac-li-cki,  i7>. ;  Sir  Roderick 
MurohisoD^s  judgment  on  tho  Count'A 
nugget-s  and  i([H;cimen!i,  r'A. ;  further 
di«coverip»,  3(53 ;  quantities  jmiduccd 
in  New  South  WiUes  from  I.Sol  to 
L  1874,  ill.;  in  Victoria,  18S1  to  ISO.i, 
I  304,  305  ;  large  iiuggcta,  ili. ;  analyses 
of  native  gold,  lA. 

Autotype  printing  process,  iL,  ITS 

Axorite,  i.,  34J 


BAHBR't  metal,  ii.,  308. 

Bmod,  Boger;  gunpowder,  i.,  81 :  deton- 
ating powder,  i7<. ;  powder  of  fusion, 
oi  Unumi-'s  quick  llux,  ih. 

Bancs,  island  of ;  tin  ores,  ii.,  233,  330 

Bank  of  England,  assay  of  gold,  ii ,  387 

Barff ;  protection  of  iron  from  rust,  ii., 
32 

Barium ;  its  Iiistonr,i.,  308  ;  sources,  209  ; 
preparation  of  tin-  metal,  ili, ;  its  salts, 
233 ;  detectiou  and  estimation  of,  239 ; 
atomic  weight,  330 
_ Barium  aliimlnnte,  i.,  4)0 
'  Barium  and  oxygon,  i.,  230 

ISarium  and  pulplmr,  i.,  337 

}Wium  cnrlionate,  i.,  237 

Barium  chlorate,  i.,  234 

Barium  chloride,  i.,  333 

Barium  chromate,  ii..  173 

Barium  dioxide,  i.,  331 

Barium  di«ulphute,  i.,  220 

Barium  dithionnte,  i.,  230 

Barium  ferrat'',  ii.,  91 

Barium  ferrocyanidc,  ii.,  103 

Barium  liyilrosulphide,  i.,  328 

Barium  hydroxide,  i.,  230 

Barium  iodati<,  i.,  334 

Barium  iridicyanide,  ii.,  448 

Barium  metatuugstnte,  ii .,  313 

Barium  molybdat«,  ii.,  195 

Barium  monosulnhide,  i.,  237 

Barium  monoxide,  i.,  330 

Baritmi  nitrate,  i.,  23(f 

BariiuQ  osmiocyttuide.  ii.,  403 

Barium  pcntosulphide,  i,,  228 


Barium  platinocyanide,  ii.,  418 

Barium  platiuonitrite,  Ii.,  407 

Barium  potasMum  fem>cynnide,  it.,  108 

Barium,  silicates  of,  i.,  330 

Barium  silicoHuoride,  i.,  237 

IWium  sutpliAte,  i.,  334 

Barium  tetni.4utphide,  i.,  228 

Ikj'iuni  thioautimonate,  ii.,  324 

Barium  triiiulphide,  i.,  338 

Barium  tungstate,  ii.,  213 

Barrow  Hiematito  Steal  Company,  blast 
furnace,  ii.,  49 

Baryta,  i.,  230 

Basic  lead  chromate,  ii..  175 

Baume's  quick  tlux,  i.,  ^1 

Bocquerel ;  protection  of  iron  from  rust, 
ii.,  33 

Beetroot,  rubidium  in,  i.,  106;  prepara- 
tion of  potassium  from,  I'A. 

Beetz;  on  passive  iron,  ii.,  33 

Beguin ;  volatile  sulphides  of  ammonia, 
i.,  183 ;  fulminating  gold,  ii.,  378 

Belgian  process  fur  the  preparation  of 
zinc,  i.,  3i>4 

Bell-metal,  ii.,  330 

Bergman;  on  acids,  i.,  33;  his  investiga- 
tions on  manganese,  ii.,  3 :  on  iron  and 
steel,  00 ;  iron  and  phosphorus,  131 ; 
rolwlt,  137:  nickel,  143;  uiulybdenum, 
184;  bi.smuth,  330;  fulminating  gold, 
379;  platinum.  389 

Berlin,  analysis  of  bronze  statue  of  Bac- 
chus at,  ii.,  339 

BerthoUet ;  on  acids,  i.,  33 :  fulminating 
silver,  OS;  chlorate  of  potash,  70,71; 
iron  and  steel,  ii.,  00 ;  oxides  of  iron, 
85  ;  iron  and  cyanogen,  1(H 

Bervl.  i.,  333. 458 

Beryllia,  i.,  333 

Beryllium  (or  glucinum),  its  historj,  i_ 
331;  beryllium  oxide,  333;  salts  of 
lierylliiun,  334 ;  iletcction  and  estimation 
of  the  metnl,  335 ;  atomic  weight,  230. 

Beryllium  aluminate,  i.,  440 

Beryllium,  carbonates  of,  i.,  235 

Beryllium  chloride,  i.,  234 

Berylliuui  hydroxide,  i.,  334 

Beryllium  nitrate,  i.,  23-1 

IWrylliuni  oxide,  i.,  333 

Beryllium,  phosphates  of,  i..  2'i5 

Beryllium,  sulphates  of,  i.,  234 

Bcrzeliiu;  constitution  of  salts,  i.,  30; 
extraction  of  lithium  salts,  158 ;  lead 
nitrite,  390 ;  meteoric  iron,  ii.,  39 ;  iron 
and  cyanogen,  11>4,  112  ;  atomic  weight 
of  iron,  130;  zirconium,  207;  tho- 
rium, 372  ;  vanailium,  377 ;  vniudatea, 
284 ;  auric  chloride,  383 ;  rhodium,  433 

Bessemer ;  steel  process,  ii..  09 — 75 ;  ap- 
plication of  the  spectroscope  to  the 
Bessemer  flame,  70 :  composition  of 
Bessemer-metal  and  Bessemer-slag,  75 

Bicarbonate  of  soda,  manufacture  of,  i., 
153 

Bichromate  of  potash,  Ii,,  170 

Biot's  process  of  extrautinj;  gold  by  mer> 
cury,  ii.,  309 

Bi.smuth.  ii.,  330—344;  metallic,  330; 
metallurgy    of,    331;    distribution  of 
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Brazil ;  meteoric  iron  in,  ii.,  39 ;  gold  in,         ^H 

^^^1                  Bismuth  arsenate,  ii.,  840 

■ 

^^^H                   Blsniuth  cjtrbouatc,  hasic,  ii..  340 

Brew.tter.  Sir  David ;  his  monochromatic         ^^M 

^^^1                   Biimuth  chluraulptiiilc,  ii.,  34J 

lamp,  ii.,  40S                                                    ^H 

^^^H                   Biaiiiuth,  chromatcs  uf,  ii.,  340 

Brine  Oct  Salt)                                                    ^H 

^^^H                  Biiimiith  (lichloriiie,  ii.,  335 

Britannia-metal,  analyses  of,  U.,  307,  303         ^H 

^^^H                  Bismuth  dioxide,  ii.,  335 
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TiCasing,  Brunswick,  I'i.                                  ^^H 
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by  s[)ectrum  analysis,  ii.,  409.  473                    ^^| 

^^m                  Black-lead,  ii.,  1»3 
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^^^B                  Blue  oxides  of  molybilenuui,  ii.,  IDO 
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^^^H                   BoDonian  iihosphorus,  i.,  238 
^^m                  Borates  of  l<«d,  i.,  3111 

Cadmium  oxide,       3tl7                              ^^^^^| 

Cadmium  sulphate,  i.,  268                         ^^^^^H 

^^^B                 Borax,  its  history  and  sources,  i,,  126, 138 

Cadmium  sulphide,  i.,  368                                ^^B 

^^H                 Borax  gla.ss.  i.,  1 37 

Cesium  ;  it« history,!.,  169;  sonrces,  170*        ^^| 

^^m                 Bottle  glass,  i.,  460,  46!) 

salts  of  caesium,  171;  detection  and  ostj-        ^^| 

^^^H                   Boyle ;  his  dednitinn  of  acids,  i.,  S3 :  con- 

mation,  ih. ;  atomic  weight,  1 73  ;   tho         ^^| 
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spectroscope  in  iU  discovery,  ii,,  465,        ^H 
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469                                                                  ^H 

^^^^^^P            of  ammonia,  185 ;  mo,  351 ;  copper. 

Coxium  carbonate,  normal,  i.,  ITl            ^^^^| 

^                                              INDEX.                                             631         ^^B 

C»»ium  chloride, !.,  171 

Carius ;  iron  and  hydrogen,  ii..  84 ;  ferrous           ^^^^H 

Omium  hydroxide,  i.,  171 

^^^^H 

Cnniun  nitrate,  i.,  171 

Camallite,  i.,  241                                                      ^^^H 

Carium  platiiiichloridc,  ii.,  400 

Carrara  biscuit- ware  (porcelain ;.  i.,  497              ^^^^H 

Cnsium  8iil|}))iite,  unruial,  i.,  171 

Carthusian  powder,  "  poudre  ties  Cliar-                  ^^H 

Caiilctet ;  luiut^tactionof  oxygen, ii.. 

■>21; 

treux,"  "  .'Llkermea  mineral"  (^autiuiony           ^^^^H 

his  appamtuii  for  liquefying  gii»e», 

523 

sulphide),  ii.,  321                                                  ^^^^H 

Calcinatiou  of  iron  ire.  ii.,  43 

Casciorolus, ;  barium,  i.,  216                                ^^^^^| 
Case-hardening  steel,  ii.,  83                                    ^^^^H 

Calcined  magneria,  i.,  240 

Caldum ;  it«  history,  i.,  187 ;  lonrces,  A.; 

Cassiterides  (the  Kritish  Islands),  early                 ^^H 

preparation    of    the    metal,    188; 

ite 

prutluction  of  tin,  ii.,  230                                           ^^H 

■alts,   101;  detection   and   estimation. 

Cassius,  piu-pio  of,  ii.,  374                                            ^^H 

211 :  atomic  weight,  213 

Cast-iron,  ii.,  33 :    manufacture  of,  45                  ^^B 

Calrium  and  oxygen,  i.,  l.HI> 

— ,59 :  the  blast-f umaoe,  45 ;  varieties                  ^^H 

Calcium  and  Kulptiur,  i.,  210 

of,  66 :  manufacture  of  caat-ateel  from,                  ^^H 

Oalcinm  bromide,  i.,  192 

69 ;  Bessemer  process,  ii.                                 ^^^^H 

Calcium  carbonate,  i.,  2i^ 

Cast^manganese,  Ii.,  4                                          ^^^^H 

Calcium  chlorate,  i.,  193 

Cast-steel,  ii.,  69                                               ^^^H 

^m         Calcium  chloride,  i.,  191 

Catalan  forge  for  smelting  iron,  ii.  44               ^^^^B 

^^H         Calcium  dioxide,  i.,  191 

Cauiitic  potash,  i.,  03 ;  its  proiK-rtiei.  (il                     ^^H 

^B         Calcium  disulphide.  i.,  211 

Caustic  soda,  i.,  108 ;  manufacture  of,  ITt )                   ^^H 

Calcium  ferT()CTani<le,  ii.,  108 

Caustic  strontia.  i.,  214                                               ^^H 

Calcium  fluoricie.i.,  192 

Celestial  chemistry,  sjiectrum  analysis,                  ^^1 

Calcium  liydroxidu,  i.,  190 

u.,  463                                                                        ^M 

Calcium  liyjKiphospliite,  i.,  206 

Celtio  arrow-head,  analysis  of,  ii.,  330                      ^^M 

Calcium  iodide,  i.,  192 

Cementation  steel,  i!.,  67 ;  analysis  of,  68          ^^^^M 

Calcium  masnenum  chloride,  i.,  243 
Calcium  molybdate,  ii.,  19,> 

Cements  ami  mortars,  i.,  200                           ^^^^^M 

C^ric  nitrate,  i.,  430                                             ^^^^^| 

Calcium  monosulphide.  i.,  210 
Calcium  monoxide,  i.,  189 

Oerio  salts,  i.,  430                                                 ^^^^H 

Ceric  sulphate,  i.,  430                                          ^^^^^| 
C'erium  auA  oxygen,  i.,  42S                                  ^^^^^| 

Calcium  nitrate,  i.,  20-1 

Calcium  orthophosphnte,  normal,  t, 

£05 

Cerium  dioxide,  i.,  438                                                ^^H 

Calcium,  phosphaten  of,  i.,  205 

Cerium  group  of  metals,  i.,  S3, 418 ;  p-.-e-                 ^^B 
paration  of  cerite  metals,  421                                 ^^H 

Calcium  phoxphide,  i.,  211 

Calcium  potasaiuin  nuljdiate,  i,,  304 

Cerium,  its  historr  and  properties,  i.,  437                ^^M 

OAlrium  pyrovanadate,  ii.,  2S7 

Cerium  sesquioxide,  i .,  428                                   ^^^^H 

Calcium  silicates,  i.,  2<W 

Cerium  sulphide,  i.,  430                                       ^^^^H 

Calcium  so.lium  sulphate,  i.,  201 

Cerous  bromide,  i.,  430                                        ^^^^^| 

Calcium  sulphnte,  i.,  202 

Cerous  rarlKin.tte,  i.,  430                                     ^^^^^| 

Calcium  sulphite,  i.,  202 

Cerou.'t  chloride,  i.,  429                                           ^^^^^| 

Calcium  tliiosulpliate,  i.,  204 

Cerous  fluoride^  i.,  420                                            ^^^^^| 
Cerous  iodide,  i.,  429                                           ^^^^^| 

Calcium  titnnate,  ii.,  2fl0 

C.-ilcinm  titanosilieato,  ii.,  960 

Cerous  nitrate,  i.,  439                                             ^^^H 

t^alcium  timgstate,  ii.,  201,  212 

Cerous  phosphate,  i.,  430                                     ^^^^^| 
Cerous  sulphate,  i.,  420                                          ^^^^^| 

Calc-spar,  uK*',  206 

Calico  dyed  with  chrome-yellow,  ii., 

173 

Cerusite,  i..  201                                                         ^^^^^| 

Calico-printing,  potassium  chlorate 

em- 

"  Chameleon,  mineral."  ii..  18                                    ^^H 

ployed  in,  i.,  72 

Chemical    analysis;  aiijilication   of   the                 ^^H 

California ;    disL-overy    of     gold     U 

,  ii.. 

sjicctrosciipe  to.  ii.,  J-*0                                              ^^H 

361 :  alluvial  w«shiu;;s  nnd  true 

ijold- 

Chemicjil  e<.)nipouii(l«,  spi.flra  of.  ii.,  470                    ^^H 

^^               mining,  362;  stalistics  of  iirotluctdon. 

Chcncvix ;  his  papi'r  on  pallmlium,  ii.,                 ^^M 

^^^h             |V'. ;  analyMS  of  native  gold,  365  * 

hy- 

422                                                                             ^H 

^^^P            draulic  gold-miuiug  described  by  Prof. 

Cheshire;    salt-beds  at  Korthwidi  and                 ^H 

SilUman,  366 

M'insford.  i..llO                                                       ^H 

Cammack   and  '>V'al]cer;  salt-cake 

pro- 

Chcvillot   and  Eilwanls:  researches  on                ^^H 

c««s,  i.,  141 

mauganic  acid,  ii.,  18, 10                                         ^^H 

Caoutchouc,  mode  of  vulcanising,  ii 

,322 

Chili  saltpetre,  i.,  70                                                        ^H 

Carbon  in  pig-iron,  ii.,  70 — 72 

Chinese  gong,  analysis  of,  ii.,  280                             ^^M 

Csriionate  of  ammonia,  commercial,  i 

.,181 

Chlorate  of  }>atnah,  manufacture  of,  i.,  Tl          ^^^^H 

Carbonates  of  nnmimiiiim.  i.,  181 

Chlorat«i,  i.,  50                                                         ^^^H 

Carbonates  of  biTyllium,  i.,  235 

CThlorauric  aciil,  ii.,  383                                        ^^^H 

Carbonates  of  cobalt,  ii.,  133 

Chlorides,  i:,  48                                                    ^^^H 

Carbonates  of  copper,  i.,  343 
Carbonates  of  lead,  i.,  291 

Chlorides  of  mo1vb<1enum,  ii.,  185                     ^^^^H 

(nUorimetry,  i.,  300                                                ^^^H 

Carbonates  of  magnesium,  i.,  S46 

Chloriuc  ami  antimony,  ii.,  316                            ^^^^^| 

Carbonates  of  mercurj-.i.,  408 

Chlorine  and  tungsten,  ii.,  202                           ^^^^^M 

Carbonates  of  so<lium,  i..  VM) 

Chlorine  and  vanadium,  ii..  203                            ^^^^^| 

Carbonates  of  line,  i.,  263 

Chlorine  gas,  gold  refining  by,  ii.,  371               ^^^^H 

Carbunyl  chloroplatinites,  ii.,  4  2 

Chlorochromates,  ii..  177, 179                             ^^^^^| 

^             632                                             INDEX.                                                ^^H 

^^^1                 Ohloromulrbdic  bromide,  ii.,  180 

Cobalt  monosnlphlde,  ii.,  140                     ^^^^B 

^^^B                 Ohloroplaiiitic  acid,  ii.,  406 

Cobalt  monoxide,  ii.,  128                           ^^^^^B 

^^H                 Chloruijlatiuites,  ii.,  4(13 

Colialt  nitrate,  ii.,  131                               ^^^^B 

^^^H                 Ohromaniiiiouium  tliiocyuiat«s,  ii.,  167 

Cobalt  se!«|uioxlde,  ii.,  129                       ^^^^^H 

^^^H                  Chruinat««,  ii.,  170:  constitution  of,  179 

Cobalt-s]iei.<i»,  ii.,  331                                   ^^^^B 

^^^H                   Chromntvs  of  l<isnuith,  ii.,  'iW 

Cobalt  sulphate,  ii.,  131                               ^^^^^H 

^^^H                   Ohrouie-aJum,  ii.,  10.3 

Colmlt  ultramarine,  ii.,  133                         ^^^^^^| 

^^^1                  Chrome-iron  ore,  ii.,  162,  171 ;  valtmtiou 

Colmltamiuc  salts,  ii.,  l3o                           ^^^^^^| 

^^H                     of,  183 

Cobalt  and  arsenic,  ii.,  141                          ^^^^^^| 

^^H                  Chrome-yellow,  ii-,  1|4 

Cobalt  and  oxygen,  11,,  128                         ^^^^^^| 

^^^H                  Chromic  bromide,  ii.,  104 

(.'Obult  and  pht^^jihonis,  ii.,  141                  ^^^^^^| 

^^^H                Chromic  chrotnAto,  ii.,  170 

Cobalt  and  sulphur,  ii.,  140                         ^^^^^^| 

^^^H                  Chromic  cliloride,  ii.,  163 

Culuiltic  hydroxide,  ii.,  120                         ^^^^^B 

^^^H                  Chromic  corn{H>uud8,  ii.,  1(10 

CoNdtic                     120                                ^^^^^^B 

^^^H                   Chromic  cyanide,  ii.,  1<10                  .  . 

Cubultie  Miltt,  ii.,  133                                ^^^^B 

^^^B                   Chromic  lliinride,  ii.,  104 

Cohnlticyauic            ii.,  140                         ^^^^^| 

^^^B                   Cliromic  hyilroxideo,  ii.,  101 

Cobaltii-ymiiiles,  ii.,  140                            ^^^^^B 

^^H                  Chromic  nitrate,  ii.,  103 

Cobttltoiis  hyilroxide,  ii.,  li!8                     ^^^^^B 

^^^B                   Chromic  oxide,  ii.,  lOl') 

Cobaltousi  oxide,  ii.,  128                              ^^^^^B 

^^^B                   Clirumic  phosphate.^  ii.,  160 

CobnltnuK  Kults.        \20                              ^^^^B 

^^^H                  Chromic  salts,  ii.,  103 

Cobaltous-colialtic  oxide,  ii.,  128               ^^^^^B 

^^^B                  Chromic  sulphat<-,  Ii.,  164 

Cobaltuug  cyanide,  ii.,  133                                  ^^B 

^^^H                  Chromic  tliiocyanatv,  ii,,  166 

Coffee,  rubidium  in,  i.,  106                                 ^^M 

^^H                  Chromitcs,  ii.,  102 

Coins,  ancient  bronze,  analjrsis  of,  ii.,  339         ^^M 
Coins  of  copper-niclcel,  Swiss,  American,          ^^B 

^^H                  Chromium,  ii.,  157—183;  metallic,  158; 

^^^H                       chromiimi  !it«el.  ib. ;  detection  and  06- 

Belgian,  German,  and  West    Indian,          ^^| 

^^H                      timatiou  of,  181;  utomic    weight   of, 

147  ;  ancient  lioctrian  coin,  ih.                       ^^| 

^^B 

Coinage,  golil,  refining,  il.,  371 ;  standards         ^^| 

^^^H                  Chromium  and  nitrogen,  ii.,  160 

of  fincneas,  KngU.ih  and  foreign,  375              ^^M 

^^^H                   Chruinium  and  oAygen,  ii.,  150 

Coinage  of  platmum  at  St.  Petersburg,         ^^M 

^^^H                   Chromitim  and  piittMnl)(jru.H,  ii.,  181 
^^^R                  Chromium  and  suli>hur,  ii.,  180 

^H 

Coke-fumaccs  for  smelting  iron,  ii.,  66            ^^B 

^^^r                  Chromium  group  of  metohi,  i.,  23  ;  ii.,  157 

C!oUI-nliort  iron,  il.,  0.'>                                           ^^H 

^^m 

CoUodiul  molylnlie  acid,  ii.,  103                ^^^^B 

^^^H                  ChrDiiiiimt  bcxfluoride,  ii.,  178 

Colugne-relKiw,ii.,  174                            ^^^^^B 

^^^H                   (.^hrunilum  niuuuxide,  ii.,  16U 

Coloured  gla.-»,  i.  485                                 ^^^^^B 

^^^B                  Chromium  nitride,  ii.,  160 

Columbite,  analyses  of,  ii,  347                          ^^f 

^^^B                   Chroiuium  oxyctilnride,  ii.,  177 

Common  salt,  i.,  110                                          ^^B 

^^^B                   Cbnmiiuui  penidplilde,  il.,  180 

C<mii>oimds,  molecular  heat  of,  i.,  20               ^^B 

^^^H                   C*lin)mlani  N4!8i|iji(<xidc,  ii.,  100 

Condensation  of  the  aOK»lled  permanent        ^^M 

^^^B                    Chromium  sesr(ui»ulphlde,  ii.,  180 

gases,  ii.,  516                                                       ^^M 

^^^B                    (.'facoralum  8iit|iliide,  ii.,  ISO 

Conductive   power  of  metals,   for  heat        ^^M 

^^^B                  C'hromium  trioxide,  ii.,  168 

and  electricity,  i.,  13                                       ^^M 

^^^B                   Chromoso-chrumic  oxidi',  ii.,  16i 

Condy's  dl.iiofccting  hquid,  ii.,  23                      ^^M 

^^^H                   ChromouK  acetate,  ii.,  100 

Converter  gases  in  the  manufaetnre  of         ^^M 

^^^B                   Chromoas  bromide,  il.,  I.!i9 

ii.,  70                                                      ^^M 

^^^B                  Chromoua  carbonate-,  ii.,  160 

Copper  amalgam,  i.,  395                                    ^^M 

^^^B                   Chromous  chloride,  il.,  159 

Copper,  ammoniacul   compounds  of,  i.,        ^^M 

^^^B                  Chromous  compoundu,  ii..  150 

^H 

^^^B                    Chromous  cyanide,  ii.,  lOO 

Copper  and  anenic,  i.,  345                                ^^H 

^^^H                  Chromous  hydroxide,  ii.,  l.'iO 
^^^H                    ('hromous  phosphate,  ii.,  100 

Copper  and  hydrogen,  i.,  237                     ^^^^^t 

Oopp<'r  and  oxygen,  i.,  328                        ^^^^^B 

^^^B                  Chromous  mlphat«,  ii.,  159 

Cop{>C'r  and  pho9|ihorus,  i.,  344                ^^^^^B 

^^^1                  Chromyl  chloride,  ii.,  177 

Copper  and  nitrogen,  i.,  344                     ^^^^^^| 

^^^B                   Cinnnliar,  i.,  <t09 

Copper  and  sulpbm',  i.,  343                       ^^^^^| 

^^H                  ClassificAtiun  of  metals,  i.,  22 

Copper,  arsenates  of,  i.,  341                       ^^^^^^| 

^^H                 CUiu ;  rhodium,  ii.,  432 ;  ruthenium,  449, 

Copper  orsenite,  i..  341                              ^^^^H 

^H 

Copper,  carbon.ites  of,  i.,  34S                    ^^^^^B 

^^^B                  Clay  ironstone,  ii..  41  :  anolyiiiii  of,  43 

CopptTcliromates,  ii.,  175                        ^^^^^H 

^^^H                    Clevelauil  (Yorkshire) ;  iron  ore,  luulyvid 

Copi>er  dichroraate,  ii.,  175                     ^^^^^H 

^^^H                      of,  ii.,  43 ;  bliLst-furnu*-c«,  51 

Copper  dioxide,  i.,  331                               ^^^^^H 

^^^B                    Coal-furUBces  for  smelting  iron,  ii.,  55 

Copjier  ferrocyaniile,  ii,  109                            ^^B 

^^H                     Colmlt,  ii.,  126—143;  treatment  of  ores. 

Copper  group  of  metals,  i,  32,  300  ;  its        ^^B 

^^^B                         127;  preparation  of  metallic  cobalt,  ib. 

bi.story ,  3O0  :  sources,  if>. ;  cop[H-r-smelt-         ^^B 

^^^B                   Cobalt  arsenide,  il.,  141 

ing,    310.   310  —  322;    its    prois'riies,         ^^B 

^^^B                   Colmlt  bromide,  il.,  i:^> 

322 ;    uses,   323 ;    electrotyping    pro-        ^H 

^^H                   Cobalt  chloride^  ii.,  130 

cesses.  324  ;  copper  alloys,  320  ;  salts  of         ^^M 

^^B                   <;ohalt  fluoride,  ii.,  131 

ropp<'r,  331 ;  dctectioo  and  estimatioa        ^^B 

^^M                 Cobalt  iodide,  ii.,  131 

of,  345 ;  atomic  weight  of,  346                   ^H 

^                                                  INDEX.                                                533             ^M 

I                 Copper  hemioxidp,  i,  339 

103,  104,  100;  ammonium  salts,  173;                 ^H 

Copprr  in  iron,  ii.,  85 

strontium,  213 ;  barium,  219 ;  mogne-                 ^^| 

Copper  moDoxiile,  i.,  330 

slum,  237  :  properties  of  platinum,  ii.,                .^^H 

Copper  nitrate,  i.,  340 

397                                                                      ^^H 

Copper  uitriile,  i.,  344 

Deacon's    bicacbing-powder    process,    i.,          ^^^^^| 

Copper  orthovauailnte,  ii.,  288 

199;  salt-cake  furnace,  141                                ^^^^H 

Copper  oxychloride,  i.,  336 

Decipium,  aid  of  the  spectroscope  in  its                ^^H 

Copper,  plioti|)lmU-s  of,  i.,  340 

discovery,  ii.,  465                                                          ^^H 

CopiHT  pyrovHnnilate,  ii.,  iJ<8 

Dc   la   Buc,  Warren :    electrotTpinK,  i.,                  ^^| 

Copper,  6ili™t<;ii  of,  i.,  341 

^1 

Copper  gulpliato,  i.,  33tf 

I>el  Rio ;  discovery  of  vanadium,  ii.,  277,           ^^^^H 

Copper  tclrantoxide,  i.,  328 

288:  rhodium,  432                                           ^^^H 

Copper-tin  alloys,  ii.,  23ti 

Coruuri^^'s  process  for  denlTering  load, 

Uesilverization,  i.,  277                                          ^^^^^| 

Detonating  powder,  i.,  81                                     ^^^^H 

i.,278 

Dcville  and  Debray ;  j^rejiaration  of  me-                 ^^H 

Comvall ;  gold  in,  ii.,  'Ml 

tallic  manganese,   u.,   3 ;  ferric   oxiilc,                   ^^H 

Comwiill ;  till  mines  of,  ii.,  232 

87 ;  ferrous  phosphate,   97 ;   processes                 ^^B 

Cort,  Henry;  inventor  of  tlie  puddling 

for  the  manufacture  of  platinum,  391,                   ^^B 

process  for  wrouglit-iron,  ii.,  01 

393,    394 ;    preparation   of   pure    pla-                  ^^B 

Craceo-colialtic  chloride,  ii.,  ViO 

tiniim,    305;    iridium    refining,    439;                   ^^H 

(Iroceo-cohaltic  saltii,  ii.,  133 

standard  meter,  measures  for  the  I'u-                   ^^H 

Crocus  antimouii,  ii.,  325 

risiau    ('ommission,   i/i..   440;   iridium                   ^^H 

(."rocns  nmi  ti»,  ii.,  85 

sefKiiiioxide,   442;   prejionition   of   ru-                   ^^H 

Croustedt ;  nickel,  ii.,  143 

tbenium,    449;     prrporatioo    of    pure                   ^^H 

Crown-glajw,  i.,  4<J«,  409 

osmium,  457                                                              ^^B 

Crucibles,  platinum,  mnnufncture  of,  ii., 
392  ;  mode  of  cleaning,  41K1 

Deville  and  Troost ;  ferric  chloride,  ii.,           ^^^^H 

^^^M 

Cryolite,  soda  manufacture<l  from,  i.,  153 

Devitrification  of  glass,  i.,  483                           ^^^^B 

Orjstal,!.,  4*5,470 

Dichro-cobaltic  chloride,  ii.,  135                        ^^^^^B 

Crystalline  form  of  metals,  i.,  12 

Didymium,  i.,  432                                                   ^^^^^B 

Ctipric  bromide,  i.,  33(3 

Didyniium  bromide,  i.,  433                                  ^^^^^B 

Cupric  chloride,  i.,  334 

Didymium  carbouate,  i..  433                              ^^^^^B 

Cupric  chloride,  basic,  i.,  335,  336 

Didymium  chloride,  i.,  432                                  ^^^^^B 

Cupric  fluoride,  i.,  'i'M 

Didymium  nitnite,  i.,  432                                   ^^^^^B 

Oipric  hv<lroJude,  i.,  331 

Didymium  oxiile,  i.,  431                                     ^^^^^^| 

Cuprie  nitrate,  i.,  340 

Didymium  sniphnte,  i.,  433                                  ^^^^^B 

Cupric  oriile,  i_  330 
Cupric  pln>-phide,  i.,  345 

IMilymium  sulphide,  i.,  432                                   ^^^^^| 

Di-hvdrogen    ammonium   phosphate,    i.,           ^^^^^B 

Cupric  sidtii,  i.,  334 

^^^^B 

Cupric  Bulpliat*,  i.,  33l3 

Di-hydrogen   sodium  ortbphosphate,  i.,          ^^^^H 

Cujirie  sulphide,  i.,  343 

^^^H 

Cuprous  bromide,  i.,  333 

Di-hydrogen  sodium  phosphate,  i.,  123              ^^^^^| 

Cuprous  chloride,  i.,  332 

Di-hydrogen  sodium  pyrophosphate,   i,           ^^^^^| 

Cuprous  cyanide,  i.,  334 

^^^H 

Cuprous  fluoride,  i.,  333 

Di-hydrogen  thallious  orthophosphate,  i.,          ^^^^H 

Cuprous  liydroiide,  i.,  330 

^^^H 

Cuprous  iodide,  i.,  3:i3 

Dimcrcnricnmmoniuro  chloride,  i.,  414               ^^^^^| 

Cuprous  oxide,  i.,  329 

Dtmercuricammouiuiti  oxide,  i.,  413                     ^^^^^H 

Cuprous  phosphide,  i ,  344 

Diuiercurous-ammonium  chloride,  i.,  413            ^^^^^| 

Cuprous  salts,  i.,  331 

Dimen'urpho.'tjihriuium-mercuric       chlo-                  ^^^| 

Cuprous  sulphide,  i.,  313 

^^^^B 

Cuprous  sulphite,  i.,  333 

Diodorua  Siculus ;  tin  of  the  British  Is-           ^^^^B 

Cuprous  thiocyanati-,  i.,  334 
Cyanaunc  u<*id,  ii.,  3.*^ 

^^^H 

DioBcorides;  lime-buming,  i.,  187;  rinc,           ^^^^B 

Cyanide  of  zinc,  i.,  263 

251 ;  zinc  oxide,  2.58 ;  medical  proper-                  ^^H 

Cyanides,  i.,  49 

ties  of  rust  of  iron,  ii.,  84;  inolybdc-            ^^^^^B 

Cyprus ;  copper  derived  from,  i.,  309 

aura,  183 :  antimony,  301, 302,  311                 ^^^^H 

Diplatinummonium  compouuds,  ii.,  45                ^^^^^H 
Diplatindinnimoniiim  chloride,  ii.,  415                ^^^^^| 

^^^ 

B 

Diplitiute'.radiummonium      compotmils,          ^^^^^H 

^^^H 

■               DAomtaKOTTrB,  i.,  380 

DiplatoditimmoniLm  compounds,  ii.,  415            ^^^^^H 

■                 Dmieaeeaing  steel,  ii.,  83 

Di-solium  platinuthioplntiiiate,  ii.,  420               ^^^^^| 

■                 Damm-er ;  composition  of  meteoric  iron. 

Divanailyl  com[inimd9,  ii.,  291                              ^^^^^H 

■                     U.,  20 

Dobereiuer's  hydrogen  lamp,  ii.,  397                   ^^^^^| 
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Fluorine  and  tuog<ton,  ii..S07                 ^^^^^H 

^^H 

Fluorine  and  vonailium,  ii.,  296                ^^^^^H 

^^^B                   Eyebrows  painted  with  antimony  in  on- 
^^^^^^           cieut  and  modoin  times,  ii.,  301 

Fluorspar,  i.,  103                                       .^^^^^B 
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GADOi.nnTF.  ii.,  90, 273 
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Hatuhett's  brown,  ii.,  109 
Haupt ;  "  sal  mirabile  perlatum,'^  i.,  121 
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HoTlendus.  Isaac;  calcium  chloride,  i.,lpl 
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Humboldt ;  his  expedition  to  the  Urals, 

ii..  389 
Hungar;^ ;  gold  in.  ii..  360 
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Hydrogen  ferrocyanide,  li.,  KI5 
Hydnjgen  fcrrous-ferrocyanidc,  ii.,  Ill 
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Hydrogen,  liquefaction  of,  ii^  521.1;  Coil-j 

letet's  apparatus  for.  .'>23 
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^^^^^M 

^^^^^^^m   Iridiuitainmoniniu  chluride,  ii.,  440 

^^^^^H 

^          Iridious  bromide,  ii.,  444 

^^^1 

^^^^^           IriilioUH  chloride,  ii.,  443 

^^^^^M 

^^^^^^B  IridioiK  salti,  ii.,  443 

Jacodi  :  Glectrotyping,  i.,  324                       ^^^^H 

^^^^^^^B  Ixiiliou.^  Kiiphit4%  ii.,  414 

Jeounel ;  solubihty  of  salts,  i,,  47                   ^^^^^| 

^^^^H  Iridium,  ii.,  437-44!);  ito  biiitorr,  437 ; 

Jrwellen'  rouge,  ii.,  33                                       ^^^^^H 

^^^^P               uialysea  of  platiuiridium,  438 ;  of  os- 

Joochimstbal ;  analysis  of  bismuth  from,              ^^H 

^^^H               miridium,  iff. ,  prt'parntioa  of  pure  iri- 

^H 

^^H                dium,  438,  43!) ;    alli>y   for    Ktatidard 

John ;  his  method  of  preparing  metallic               ^^B 

^^^H                iuet4:r-niea!iure'«  for  the  Parimau  coni- 

manganese,  ii.,  3                                                    ^^H 

^^^H                iniiiRioa,  rV'. ;    pn>pertics  of  tho  meUl, 

Johnson,  Mathey  j;  Co. ;  manufacture  of        ^^^^H 

^^^B               441 ;  detection  anil  estimation  of,  448 ; 

platinum    vessels,  ii,,  393  ;   platinum-        ^^^^^t 

^^^^^               atomic  weight,  iff. 

iridium  alloy  for  standard  meter-mea>-       ^^^^^| 

^^^^^^m  Iridium  and  oxygen,  ii.,  441 

siires  for  the  I'arisian  commission,  439,        ^^^^H 

^^^^^^^H  Iridium  ami  Aiilphur,  ii.,  443 

440                                                                          ^H 

^^^^^^^T  Iridium  dio.^iile,  ii.,  442 

Jones  and  'W'alsb:  salt-cake  procesa,  i-               ^^H 

^^^^P          Iridium  disulphide,  ii.,  448 

^M 

^^^B           Iridium  monu.>>ulphide.  ii.,  443 

Jordan,  J,  C. ;  electrotyping,  i.,  324 ;  bn               ^^M 

^^H           Indium,  nlt!>  of,  ii.,  443 

mvtho<l  of  preparing  metallic  mangft-              ^^H 

^^H           IridiomBaiiquihydroxide,  ii.,  412 

Qesc,  ii.,  4                                                                ^^H 

^^^1            Iridiiim  ae*quioxide,  ii.,  441 

^^^^^H 

^^^H           Iridium  seAquitiulphide,  ii.,  443 

^^^^^H 

^^^^^           Iftdium  t4.^trabromide,  ii,,  44.> 

^^^1 

^^^^^H^  Iridium  t>'tra;hloridc,  ii..  445 

^^^^^^^1  Iri'litun  tetrutiyilroxide,  ii.,  442 

KiROLTi;  composition  of  gimpowdcr,  i.,             ^^H 

^^^^^^^r  Ittdium  tetruirxliile,  ii.,  445 

^H 

^          Inju  group  of  metaU,  i.,  23 

Korsten  ;  his  process  for  desih-eriug  lead,               ^^H 

^^H           Iron,  ii.,  37— 12tl ;  ancient  history  of,  27 ; 

i..  273 :  on  u-on  and  steel,  ii,,  00 ;  cast-               ^^H 

^^^B               detection  and  cntimatiou  of,  123 

steel.  (!9                                                               ^^^^1 

^^^1            Iron  hIuiii,  ii.,  102 

Kekul^  ;  I'rii.wi.in  blue,  ii.,  112                          ^^^^^H 

^^^B            Iron  amalgam,  ii.,  33 

Kernies  mineral,  ii.,  321                                    ^^^^^| 

^^^H            Iron  and  arsenic,  ii.,  122 

Kieserite,  i.,  243                                                            ^^H 

^^^H           Iron  and  cyanigeu,  ii.,  104 

Kirchhoff;  lithium,!.,  l,'>8;rubidiam,  104;              ^^H 

^^^1            Ir,in  and  hvdrogeu,  ii.,  »i 

on  the  constitution  of  the  aolar  atrao-               ^^H 

^^^M            Iron  anil  nitroKca,  ii.,  120 

sphere,  li.,  497                                                             ^^H 

^^^1            Iron  and  oxygen,  ii.,  ,sg 

KirehliotT  aiid  Bunseo  ;  their  discOTeriea                ^^H 

^^^1           Iron  and  phosplioru.*;,  ii.,  121 

in  spectrum  analysis,  ii.,  400 ;  form  of               ^^H 

^^^1            Iron  and  sulphur,  ii.,  117 

Kirchhoff's  xpect'ro.<vope,  472, 473, 430                ^^H 

^^^1            Iron  diKiilpliide,  ii.,  119 

"  Kt.sh,"  a  product  of  iron-smeltiug,  it.               ^^H 

^^^1            Iron    funin'-cs    of    Inilia,    Spain,     EII>a, 

^^M 

^^^B               ITnitcd  State.i,  Uormauy,  ii.,  44 ;  the 

Klaproth  ;  alkalis,  i.,  54,  ,'>5 :  his  discovery               ^^H 
of  uranium,  ii.,  217  ;  of  chromium,  157;               ^^H 

^^^B                blait  furnace.  43 

^^^B           Iron,  in  miucral-i,  water,  plants,  and  blood. 

of  titanium,  255;  of  zirconium.  207                     ^^H 

^H               ii.,  30 

Kiichlin  ;  use  of  pota.ssium  diehroniate  for                ^^H 

^^^1           Iron,  metallurgy  of,  ii.,  34 

Turkey-retl  dyeing,  ii.,  171                                       ^^B 

^^^1            Iron,  met<-oric,  ii.,  2t<,  34 

"Kohl,"  the  Hebrew  and  .Arabic  name                ^^H 

^^H            Iron  monO!iulphide,  ii.,  117 

for  antimonv,  ii.,  301;  "alcool,"  -ol-               ^H 

^^H            Iron  monoxide,  ii.,  93 

kohol,"  ik,  320                                                       ^H 

^^H             Irtu  nitride,  ii.,  120 

Kremers  :  sodium  chlorate,  i.,  114                            ^^H 

^^H             Iron  nitrnm-Nulpliid".  ii.,  121 

Krntip ;  nianufai'tiire  of  cast-steel,  ii..  09               ^^H 

^^H            Iron  nitroKo-thiri  arbonate,  ii.,  120 

K  imkel :  action  of  nitric  acid  on  tin,  ii.,                ^^H 

^^H            Iron  uitro-mlphidfs,  ii.,  121 

245 :  discovery  of  stannic  itdphide,  351 ;               ^^H 

fulminating  gold,  373                                         ^^H 

^^H                liovcd  by  the  aucicntj  to  be  an  ore  of 

^^^^^M 

^^H                iron, 

^^^^^^M 

^^H            Iron,  ores  of,  ii.,  35—42 

^^^M 

^^H            Iron  oxychloride!!,  ii.,  100 

^^H 

^^^B            Iron,  pajwive,  ii,  33 

Labariuqce's  liquor,  i,,  114                                  ^^M 

^^H            Iron,  pun' :  its  preparation,  ii.,  31 ;  pro- 

Ijtna,  Frnnci.sco  ;  the  "  chemical  mirnclo  "               ^^H 

^^^H                 jiertieM,  lA, 

I'slnked  liueK  i..  UM                                                 ^^H 

^^^B             Iron  pyrites,  ii.,  110 

Lanthanum,  history  nf,  i.,  42.5;  salts  of,                ^^H 

^^^1             Inm  ite«quiRulphide.,  ii.,  113 

42t> :  detection  and  estimation  of,  437                 ^^H 

^^H            Iron-slag,  molyl>d(;nnm  in,  ii.,  134 

atomic  weight,  r/'.                                                     ^^^M 

^^^B           Iron  smelting,  ii.,  42 — 33 

Loothauum  carbonate,  i..  420                           ^^^^^H 

^^f            538                                             INDEX,                                    ^^^^^H 

^^^1                Lanthanum  chloridp,  i.,  420 

bromide,  ii.,  02 ;   ferrous  chloride,  P2 ;  ^^^H 

^^^H                I.Antlianum  nitrate,  i.,  420 

iron  ami  cyanogen,   1(>4 :    proeeta  for  ^^^^H 

^^^H                 I^othanuiu  OAide,  i.,  4'2G 

preparing  metallic  luitimouy,  3(>1 ;  pl«x^^^^| 

^^^H                 Laoth&uutn  Bulphat**,  i..  ii^ 

tinum,  usva  of,  302 :  platinum  black,  ^^^^H 

^^^B                Lanthanum  aulpliide,  i.,  f21 

398                                                                     ^M 

^^^M                Lapis  lazuli,  i.,  45S 

Lime,  i.,  180                                                   ^^^^H 

^^^H                 Ijivoisip.r  ;  acitis,  i.,  33  ;  ancali»,S5 

Lime  and  ferric  oiidc,  &„  90                      ^^^^^M 
Lime,  chloride  of,  i.,  104                               ^^^^^M 

^^^H                 Lead  group  of  nit-taU,  i.,  22 

^^H                Li»d:  iuhistury,   i.,  270;  snurcea,  S7I  ; 

milk  of,  i..  194                                     ^^^^H 

^^^B                   salts,  285 :  detection  and  estimation  of, 

Lime,  superphosphate  of,  i.,  S06                ^^^^^| 

^H 

Limouite.       38                                            ^^^^^H 

^^^H               Lead  and  oxygen,  i.,  SHI 
^^^M                Lead  and  aulphiu-,  i.,  200 

Linclc :  composition  of  gtmpowder,  i.,  83     ^^^^H 

Linnaeite,  ii.,  153                                                      ^^H 

^^^m                Lead  and  tin  alloys,  ii.,  337 

Liquefaction  of  the  so-called  permanent          ^^M 

^^^1                 Lead  autiuouat«,'  ii.,  313 

gases,  ii.,  510                                                        ^^M 

^^H                 I/oad,  Ixtrat^-s  of,  i.,  201 

Liquor  potassie,  i.,  65                                           ^^H 

^^^H                Lead  bromide,  i.,  287 

Litharge,  i..  282                                                        ^^M 

^^^H                Lead,  carbonates  of,  i.,  S91 

Lithium ;  its  history,  i.,  157 ;  sources  of         ^^H 

^^H                Lead  chloride,  i.,  2^3 

the  metal,  ili.  ;  extraction  of  lithium  ^^^^^| 

^^H                Iiead  chlorite,  i.,  288 

salts.  158;  preparation  of  the  metoL'^^^^^^ 
159;  its  properties,  lliO  ;  detection  ana^^^^^f 

^^^H                Lead  chloro-sulphido,  i.,  297 

^^^H                Lead  ohromatc,  ii.,  171 

estimation  of,  103;  atomic  weight,  ti.     ^^^^H 

^^H                Lead  oyaoate,  i .,  204 

Lithium  and  oxygen,  i.,  lltO                                ^^H 

^^H                Load  cjanidc,  i.,  204 

Lithium  carbonate,  normal,  i.,  IC2             ^^^^^M 

^^H                 Lead  <iioxidi-,  i.,  28.) 

Lithium  chloride,  i.,  101                               ^^^^^H 

^^^B                Lead  ferricyaniilc.  ii..  Ill 

Lithium  nitrate,                                          ^^^^^H 

^^H                 Lead  fluoridi;.  i.,  287 

Lithium  orthosilicate,  i.,  102                        ^^^^^B 

^^H                Lead  hyilro\ido.  basic,  i.,  293 

Lithium  oxide,  i.,  IQi)                                ^^^^^H 

^^^H                 Ijcad  hypovuuadato,  ii.,  293 
^^H                 Lead  ioilide,  i.,  287 

Tjithiuin  phosphate,  normal,  i.,  162            ^^^^^^| 

lithium  platiuichloride,  ii.,  4<)0                 ^^^^^| 

^^^H                 liCad,  its  action  upon  water,  i.,  295 

JJthium  sulphate,  normal,  i.,  161                ^^^^^^| 

^^^B               head,  metallio,  formerly  used  for  mirrors. 

Liver  of  antmiony,  ii.,  322                           ^^^^^H 

^^M                   ii.,  240 

Liver  of  sulphur,  i.,  100 ;  ii.,  386               ^^^^H 
I.«atUtone,  ii.,  1 .  36,  86                              ^^^H 

^^^H               Lead  metavanuUt«,  ii..  2SS 

^^H                Lead  molybdatc,  ii.,  106 

Lockycr :  metals  in  the  sun,  ii.,  498 ;  so-          ^^H 

^^H               Lead  monoxide,  i.,  281 

lar  cyclones,  501 ;   chemical  constitu-  ^^^^H 

^^H                Lead  nitrate,  i.,  289 

tion  of  the  stars.  409                                ^^^^^| 

^^H                Lewi  nitrite,  i..  200 

Losh ;  alkali  manufacture,  i.,  133                ^^^^^| 

^^^B                Lead   ore*,   smelting  of,  with  metallic 

Lilwig;  ferrous  bromide,  ii.,  02;  ferrooa^^^^H 

^^H                    iron,  i.,  370 

chloride,  ih.                                                          ^^H 

^^H                Lead  orthoranadate,  ii.,  287 

Lowmoor  ironstone,  analytis  of,  i!.,  43                ^^M 

^^H                 I/cad  perchloride,  i..  287 

Lucifer    matches,     nsc     of    potassinm          ^^M 

^^^B                Tiead,  phosphates  of.  i.,  202 

chlorate  in  their  manufacture,  i.,   72.         _^^| 

^^^H                 Lead  p)Tovima(late,  ii..  288 

^^^B                 TiCad,  red  (or  minium),  i.,  283 

Lutco-cobnitic  chloride,  ii..  138                  ^^^^^H 

^^^B                Lead  salts,  their  jmiiiouous  action,  i.,  294 

Luteo-cobaltic  salts,  ii.,  138                        ^^^^H 

^^^H                Lead  aeaquioxide,  i..  283 
^^H                 Lead,  silioites  of,  i.,  201 

^^^^^M 

^^^^^^ 

^^H                J.ead,  softening  of ,  i .,  270 

^^^M 

^^H                Lead  suboxide,  i.,  281 

^^H                Lead  sulphate,  i.,  288 

-^^^^^H 

^^H                 Lead  sulphide,  i.,  290 

MACQrABT;  chromium,  ii..  157                 ^^^^B 

^^^B                 licnd  tt'traranadate.  ii.,  283 

Alacquer;  iron  anil  cyanogen,  ii.,  104                 ^^^| 

^^H                 Iiead  tuu^nUtcii..  201,212 

lUactear;  sulphur    recovery    process,  i.,         ^^H 

^^H                 liCad,  whit<>, 

153                                                                      ^M 

^^^H                 Leblanc ;  alknli  maiiufactore,  i.,  133 

"  Magistery  of  bisrontb,"  ii.,  338                         ^H 

^^^H                Lehmann ;  discovery  of  chroniinm,  ii.,  I  .'7 

Sfagnes ;  iiUp|)OHerl  discoverer  of  magnetia         ^^H 

^^^H                Lemery ;  xinc,  i.,  251 ;  zinc  sulphati*,  2(U  ; 

pro|jerties,  ii.,  80                                                  ^^H 

^^H                     stetd'.  ii.,  1)1 ;  sntiniimy,  304,  321,  32(1 ; 

Ma^'nesia,  i.,  240,  241                                       ^^^M 

^^H                     bismuth,  3:<0,  338,  330' 

IlIa;^Qesia  albn,  i.,  230                                      ^^^^^^| 

^^^H                 Lf«.*iiug,  bronze  statue  of,  analysis  of,  ii.. 

^l.'ignesia  anil  ferric  oxide,  ii.,  00                  ^^^^^^H 

^^H 

Miigncsia,  in  I.ydia, magnetite  fint  found  ^^^^H 

^^H                Liha-riua  ;  anr, !.,  S51 ;  leiul  nitrate.  280  ; 

there,  ii.,  80                                                           ^^H 

^^^B                    tiu  tetrachloride,  ii.,  24T ;     antimony 

Kl.iguesia  ui  ;ra,  i.,  230                                             ^^H 

^^^H                     confounded  by  him  with  Usniuth,  302, 

Mfi^nieNion  limestones. )..  190                                 ^^^| 

^^B                    314,330 

^^^H                 Licht^-nbiTgV  metnl,  analysis  of.  ii.,  334 

tion  of  the  metAl.  237 :  its  propertini,          ^^H 

^^^H                 Liehig  ;  constitulidii  of  saltrt,  i.,  'M) ',  rom- 

230  ;  salts  of,  241  :  dotcrtiou  and  esti-          ^H 

^^^H                     mercial  (wtassium  c;t'»nide.  90  ;  ferrous 

mation  of,  249  ;  atomic  weight.  230                  ^H 

^                                                    INDEX.                                               539            ^M 

^^H            Msgneu'um  alumiust«,  i.,  440 

Melting-point  of  metals,  t,  12                                  ^^| 
Mendelejeft ;    periotlic   law   of  the  elo-                ^^| 

^^H            MngnrMum     uumoniuni    curomate,    ii., 

^H 

meutn,  ii.,  5(Kl:  correction  of  doubtful                ^^H 

^^H           MBgnoHium  ammonium  orthophoaphatc, 

atA^mic  weights,  513;  on  undiscoTored               ^^H 

^H               i.,24o 

elements,  514                                                              ^^H 

^^H            Magutaiiim  bromide,  i.,  24-2 

Slenghini ;  discovery  of  iron  in  the  blood,               ^^H 

^^H           Magnenam  chlorides  i„  HI 

^H 

^^H           Magneriam  chromate,  ii.,  1 74 

Mercuric-ammonium  compounds,  i.,  413                 ^^H 

^^H           Magnatium  fiuorido,  i.,:!42 

Mercuric  bromide,  i.,  406                                   ^^^^^t 

^^H           Matrnesium  group  of  metala,  I,  23, 331 — 

Mercuric  cbramate,  ii„  176                                ^^^^^| 

^M 

Mercuric  chlorate,  i.,  406                                   ^^^^^| 

^^H            Magnesiam  hydroxide,  i.,  340 

Mercuric  chloride,  i.,  402                                   ^^^^^| 

^^H            Uagneaium  iodiilc,  i.,  243 

Mercuric  cyanate,  i.,  408                                    ^^^^^| 

^^H           MagDcaium  motol  compaoj,  i.,  239 ;  ma- 

tfercuric  cyanide,  i.,  4<XS                                       ^^^^^| 

^^H               Dufacture  of  vaaadic  acid,  ii.,  378;  of 

Slercuricdiammonium  chloride,  i.,  414             ^^^^H 

^^M               binmuUi,  331 

Alercuric  fluoride,  i.,  406                                    ^^^^^H 

^^H           Magnmiim  molybdate,  ii.,  196 

Mercuric  iodide,  i.,  405                                       ^^^^H 

^^H            Magueaium  uitraUs  i.,  245 

Slercuric  nitrate,  i.,  407                                         ^^^^H 

^^H            Ilagnesiiim  nitride,  i.,  24S 

Mercuric  oxide,  i.,  306                                        ^^^^H 

^^H            Magnesium  oxide,  i.,  244) 

Mercuric  phosphide,  i.,  415                                ^^^^^H 

^^H            Magnesium  platinocyauidts  ii.,  418 

Alereuric  salts,  i.,  402                                        ^^^^M 

^^H            Magneaium  silicate,  i.,  348 

tiercuric  sulphate,  i.,  407                                  ^^^^^| 

^^H            Slagnenium  aulphate.  i.,  343 

Mercuric  mdpliide,  i.,  400                                  ^^^^H 

^^H           Magneaium  aulphide,  i.,  348 

MercuruuK-ammouium  chloride,  i.,  413            ^^^^^B 

^^H           Magneaiam,  phoapluitea  of,  i.  245 

tiercurous-ammonium  compounds,  i..413              ^^H 

^^H           Magneaium  potassium  idiromate,  ii.,  174 

Mercurous  bromide,  i.,  400                                 ^^^^H 

^^H           Magnesium,  salts  of,  i.,  241 

Menmroos  carbonate,  i.,  4o3                            ^^^^H 

^^H             MogDC-t,  dfrivatinn  of  tho  vopl,  ii.,  2 

Mercurous  chlorate,  i.,  401                                ^^^^^^ 

^^H            Magnetic  iron  ores,  ii.,  3(1 ;  analyses  of, 

Mercurous  chloride,  i.,  3!>!)                                ^^^^^^ 

^H 

Mercurous  chroniate.ii.,  176                               ^^^^^| 

^^H            Magnetic  oxide  of  iron,  ii.,  84,  86 

Mercurous  fluoriile,  i.,  401                                 ^^^^^| 

^^H            Magnetic  pyrites,  ii.,  118 

Mercurous  iodide,  i.,  400                                   ^^^^^| 

^^H            Magnetism,  Magnes,  magnesia,  ii.,  86 

Mercurous  nitrate,  i.,  401                                   ^^^^^| 

^^1          Magnetites,  ii..  36 :  aiinlyscs  of,  37 

Mercurous  oxide,  i.,  306                                  ^^^^H 

^^^H           Magnus's  greeu  salt,  ii.,  4<>9 

^^H           MaUy  I'l-uinsulu,  tiu-oro  of  tbe,  ii.  232 

Mercurous  peichlorate,  i,  4fil                            ^^^^H 

Mercurous  salts,  i.  3!)i)                                       ^^^^H 

^^H           Malleablo  iruu,  ita  reduction  from   the 

^tercurous  sulphate, ).,  401                                         ^^^| 

^^H               ores,  ii.,  42 

Mercurous  sulphide,  i.,  412                                        ^^B 

^^H           Mauganates,  ii.,  19 

Mercury ;  its  history,  i.,  387 ;  sources,  38.* ;               ^^1 

^^H           Manganese,    ii.,    1—37 ;     detection    atiil 

preparation  of  the  metal,  i/*. ;   its  pro-                ^^H 

^^H               estimation  of,  24 ;  atomic  weight  of,  27 

pertii's,  392 ;  uses,  304 ;  alloys  of  mer-                ^^H 

^^^1            Manganese,  alloys  of,  ii..  5 

cury  or  amalganks,  304;     therapeutic               ^^H 

^^^H             Maiigiuii'se  rhrumite,  ii.,  163 

uses  of,  307  ;  salts  of  mercury,  io,;  de-                ^^H 

^^H            Manganese  dioxide,  its  regcucration  from 

tection  and  estimation  of,  416 ;  atomic               ^^H 

^^H                the  chloriDe  residues,  ii.,  13,  15 

weight,  417                                                              ^H 

^^H            Manganese  in  iron,  ii.,  6d.  72 

Mercury  and  nitrogen,  i.,  412                             ^^^^H 

^^H            Manganese  sulphide  and  disulpbide,  ii., 

Mercury  anil  oxygen,  i.,  396                                ^^^^^M 

^H               ^ 

Mercury  and  phosphorus,  i.,  415                      ^^^^^H 

^^H            Manganese  tungstate,  ii.,  213 

Mercury  and  sulphur,  i.,  40O                             ^^^^^H 

^^H            Manganic  oriil  and  its  salts,  ii.,  18 

Mercury,  cnrWinatcs  of,  i.,  403                          ^^^^^| 

^^H           Manganic  loinpouuils,  ii.,  10 

Mercury  nitride,  i.,  412                                      ^^^^^^| 

^^H           Mangauites,  ii..  13 

Mercury,  phosphatt^s  of,  i..  407                        ^^^^^| 

^^^H            Mangannus  comiiouuds,  ii.,  6 

MetabiAmuthic  acid,  ii.,  341                                 ^^^^^^| 

^^H            Manganous  salts,  ii.,  0 

MetA-fcrric  hythroxide,  soluble,  i!.,  SO              ^^^^^B 

^^H           Mausheld ;  process  of  copper-smelting,  i.. 

M^tul  Argentine,  analysis  of,  ii.,  30S                         ^^^| 

^H 

MsTALS,  Tub,  1.,  1 ;    inetollic  alloys.  6 ;               ^^M 

^^H            Marcaaite,  ii.,  119 ;  old  application  of  the 

amalgams,  0;  geuernl  proiiertii'S  of  tho                ^^H 

^H               term.  33U 

metals.  11—21 ;  cloaaificatiou  of  metala,               ^^M 

^^H           Mareska  and  Donny ;  preparation  of  me- 

^^M 

^^^1                tallic  potassium,  i.  57 

Metals  in  the  atmocpheres  of  the  «an  and              ^^M 

^^^B           Marggraf;  alkalis,  i.,  54 

the  fixed  stars,  ii.,  466                                               ^^M 

^^H            Marseillea  ;  French  soajMrade  at,  i.,  133 

MeUls  of  the  alkali  group,  i.,  54—186;               ^^M 

^^H            Marsh  gas,  liquefaction  of,  525 

of  the  alkaline  earths,  1  tii- 230 ;  of  the               ^H 

^^H            Mattbey,  O. ;  preparation  of  ]mre  iridium. 

magnesium   group,    331—200;   of  the               ^^H 
lend  group,  370—308 ;  of  the  copper               ^^H 

^^H                ii.,    438;     proposed    staurlard     nieter- 
^^H               ineaaurea  for  the  ParisLw  commission. 

group,  309—417;  of  the  cerium  group,                ^^H 

^H                     439 

418—435;   of   the   aluminium    group,               ^^H 

^^^1           llatthicssen  ;  preparation  of  metallio  po- 

436 — 504:  of  the  iron  group,  ii.,  1—156;               ^^H 

^^H              taasium,  i.,  59  i  lithium,  159 

of  the  chromium  group,  157—229 ;  of               ^^H 
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^^H                      the  tin  group,  230— 2T6  ;  of  the  anti- 

Molybdenum  tetrabromide,  ii.,  189                   ^^M 

^^H                      mony   gmup,  277—338;   of   the  gold 

Molybdenum  tetrachloride,  ii.,  189                   ^^H 

^^^H                        P'*J^1P(  351)— 404 

Slolybdenum  tetrahydroxidc,  ii.  188                 ^^H 

^^^H                  Mi-tiL]s«  spectra  of,  ii,,  477 

Molybdenum.  tetraio<lide,  ii.,  189                      ^^H 

^^^1                  Hi'tallic  manganeM?,  its  preparation,  ii.. 

Molyb<lenum  tetrasulphide.  ii.,  lt)9                  ^^H 

^^^H                        3  ;  iU  propi'rties,  9 

Molylnlenum  trioxide,  ii.,  191                    ^^^^H 

^^^H                   MetAlUc  uickri,  ii.,  14.5 

Molybdenum  trisulphide,  ii..  199              ^^^^^B 

^^^H                  Metallic  vaimdium.  ii.,  279 

MolyUlenyl  bromide,  ii.,  101                    ^^^^^B 

^^^H                  Metautimoaatcs,  ii.  314 

Molybilic  acid,  ii.,  192                                 ^^^^B 

^^^H                  Metoatimonic  acid,  ii.,  314 

Mond,  Lndwig ;  alkali-maker'*  waate,  i.,        ^^B 

^^^H                  Metantiuuuitcii,  ii.,  24d 

^M 

^^^B                   Metastauuic  lu'id,  ii.,  24-} 

Monge ;  on  iron  and  steel,  ii..  60                         ^^M 

^^^B                  lletuthorium  oxide,  ii.,  274 

Monoliydrogcn  calcium  orthophosphate,         ^H 

^^H                  Metatitanic  acid,  ii.,  250 

^M 

^^H                  Metaranadic  acid,  ii.,  2t4 

Mooohydrogen  thalUous  orthophosphate,         ^H 

^^^H                  Meteoric  iron,  ii.,  2S<,  34  ;  found  in  miJ- 

i.,  305                                                                ^M 

^^B                      ocean,  30 

Mortars  and  cements,  i.,  209                             ^^H 

^^^H                  Meteoric  iron,  nickel  in,  ii.,  144 

Mosaic  gold.  i..  287  ;  ii..  251                                 ^^H 

^^^1                  MeteoriteK,    "  earth;,"    and    "  mcteroric 

Mottled  cast-iron,  analyses  of,  ii.,  5S                 ^^B 

^^H                     irons," 

Mottraniitc,  the  source  of  Taoadie  add,        ^^M 

^^H                  Meyer,  J.  C.  F. ;  hydrosidenim,  ii.,  121 ; 

ii.,  278                                                              ^M 

^^^^                      preparation  of  metallic  antimony,  30o 

Stidder ;  strontium  sulphate,  i.,  315                 ^^H 

^^^B                   Meyer  Lotbcr;  classification  of  the  ele- 

Muller,  Hugo :  lithium  salts,  i.,  130                 ^H 

^^^B                      mcnt«,  ii.,  .Vtj 

Muntz  metal,  i.,  327                                    ^^^H 

^^^B                  Microcosmic  nUt,  i.,  180 

Mushet ;  steel  manufacture,  ii.,  70           ^^^^H 

^^H                  Milk  of  lime,  i..  IDl 

^^^^^M 

^^^H                  Miller,  F.  K. ;  his  procem  of  refining  gold, 

^^^^^H 

^^1 

^^^1 

^^^B                 MilliT,  Vf.  Allen  ;  spectrum  anaI>-Kis,  ii., 

^^B 

Naplks  yellow,  ii.,  315                               ^^^^H 

^^H                  *■  ilinend  chameleon,"  ii.,  18 

Nebuh-e,  spectrn  of,  ii.,  500  ^^^^^| 
Neihiou,  J.   n. ;  his  hot  ami  cold  bla<t-^^^^H 

^^^H                  Mineral  kermi^s,  ii.,  321 

^^^B                 Mirrors  :  guild  of  mirror-makers  in  1373, 

furnaces,  ii.  49                                                  ^^B 

^H                    ii..  240 

Xew  Caledonia:  cickel  ore,  ii.,  144.  143            ^^B 

^^^B                  Mirrors  silvered  with  tin  amalgam,  ii.,  240 

Newton's  metal,  analysis  of.  ii.,  334                   ^^B 

^^H                  Missouri  (U.S.) ;  nickel  ore,  ii.,  153 
^^^H                  Mitsoherlich ;  manganic  acid,  ii.,  10 

Nickel,  ii.,  143— 150;  properties  of,  14-5;         ^^M 

detection  and  estimation  of,  154 ;  ato-        ^^H 

^^^H                   Molecular  condition  of  mutter ;  prohablo 

mic  weiglit,  l.>5                                               ^^H 

^^^H                      results  of  s|)ectrum  analysis,  ii..  4<KI 

Nickel,  alloys  of,  ii.,  140                                    ^^B 

^^^B                   Molecular  heat  of  comiwunds,  i.,  20 

Nickel  aud  arsenic,  ii.,  154                                 ^^H 

^^H                   Slolybdates,  ii.,  U)3 

Nickel  ond  oxygen,  ii.,  149                          ^^^^B 

^^H                  MolyMenite,  ii.,  Itl.'<> 

Nickel  and  phosphorus,  ii.,  154                  ^^^^^^M 

^^H                  Molylxleuum,  ii.,  18:<— 201 ;    metallic,  ita 

Nickel  and  sulphur,  ii.,  153                       ^^^^^^| 

^^^^^^_                |>rciiaration,   IM ;    oxides   and    cldor- 
^^^^^^b              ides  of ,  1K5;  detection  and  estimation 

Nickel  bromide,  ii.,  l.'i'.)                             ^^^^^^B 

Nickel  carbonate,  ii.,  152                          ^^^^^B 

^^^^^^^f              of,  200 ;  atomic  weight,  ih. 

Nickel  cidoride,  ii..  i!*)                            ^^^^B 

^                 Molybdenum  iwd  pliosphonis,  ii.,  109 

Nickel  cyanide,  ii..  153                             ^^^^^B 

^^^H                    Molybdenum  and  sulphur,  ii.,  108 

Nickel  disulpliide,  ii.,  154                         ^^^^^B 

^^^B                    Molybdenum  iHbromide,  ii.,  18(1 

Nickel  fluoride,  ii..  151                                ^^^^B 

^^^B                  Molylxlcnum  dicHloride,  ii.,  185 

Nickel  hydroxide,  ii.,  149                           ^^^^H 

^^^B                   Slolybdenuni  ilio.\ide,  ii.,  188 

Nickel  imUde,                                               ^^^^^H 

^^^B                   Molyl"Ienum  dioxydichloride,  ii.,  190 

Nickel  moDosidphide,  ii.,  153  ^^^^^H 
Nickel  monoxide,  ii.,  149                          ^^^^^B 

^^^H                   MolylHli'Uum  disulphide,  ii.,  198 

^^^H                    Molylxleuum  molybilutes,  ii.,  190 

Nickel  nitrate,  ii.,  1.53                          ^^^^^H 

^^^H                    Molybdenum  monoxide,  ii..  1>'<3 

Nickel  nitrite.                                        ^^^^^^B 

^^^B                   MiilvlMlenum     munoxyU'trocbloride,    ii.. 

Nickel                                                     ^^^^^^B 

^^H 

Nickel  peroxide,  ii..  149                           ^^^^^^B 

^^^B                   Molybdenum  oxybromido,  ii.,  191 

Nickel,  salts  of,  ii.,  150                             ^^^^B 

^^^B                    Slolybilenum  oxyrhlorides  of,  ii.,  189 

Nickel  sesquioxide.  ii.,  149                         ^^^^^B 

^^^B                   Molybdenum  oxytluoride.  ii..  191 

Nlrkel  silicates,  ii.,  152                             ^^^^^B 

^^^B                   Molylxlenimi  |H-Dtaohlorlde,  ii..  1S9 

Nickel-silrtT,  ii.,  147,  148                           ^^^H 

^^^B                    Slolybilenum  plio.sphide,  ii.,  199 

Nickel  sulphate,  ii.,  151  ^^^^^B 
Niobates,  ii..  354                                          ^^^^^B 

^^^B                    Molylslenum  sesquihromide,  ii.,  188 

^^^B                    Jlolybdenum  sesquichloride,  ii.,  187 

Niobic  acid,  ii.,  354                                    ^^^^^B 

^^^B                    MulylHleuum  semjuioxide,  ii.,  187 

Niobium,  ii.,  :».53— 3.58 ;  its  history.  Mf> ;       ^^B 

^^^B                    Molybdenum  sesquioiyhexachloride,  ii., 

detection  and  estimation  of.  357  :  ato-       ^^H 

^H                        191 

mic  weight.  358                                                 ^^B 

^^^^                 Molybdenom  sesquioxypentarhloride,  ii., 

Niobium  aud  nitrogen,  ii.,  357                          ^^H 

^^^^ 

Niobium  and  oxygen,  ii.,  3r>:i                     ^^^^H 
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Kiob'uni  and  •ulphor,  ii^  357 

Niobiuiu  dioxiilp,  ii.,  'iSii 

Niobiuni,  haloid  runipuimils  of,  ii.,  353 

Niobium  hydroxidi",  li.,  354 

Niobium  oxybroniidc,  ii^  356 

Niobium  oxyohloride,  ii.,  355 

Niobium  oxyfluoride,  ii.,  350 

Niobium  oxysulpliidc,  ii..  357 

Niobium  p^iitabromiilo.  ii.,  356 

Niohiuiu  {H'nljichlorlde,  ii..  355 

Niobium  |K-ntat1iioride,  ii.,  356 

Niobium  p«'ntoxidi>,  ii„  354 

Niobium  U'troxidf.  ii.,  354 

Niobium  tricidoritlc,  ii..  35.5 

Niobyl  chloridtd,  ii.,  355 

Nitnttc  of  hytiroxylamiue,  i.,  166 

Nitrat<'»,  i.,  52 

Nitre  (/re  I'otafwium  XitniU') 

Nitric  ucid,  ita  artioo  ou  tiu,  ii.,  245 

Nitric  oxide,  UquofnctioD  of,  ii.,  525 

Nitrit«a,  i.,  52 

Nit  ro-cobaltauiin<?  aalU,  ii.,  138 

Nitro-ferriryauides.  ii..  115 

Nitrogt!u  aud  chromium,  ii.,  ISO 

Nitrogtn  ami  copper,  i.,  344 

Nitrogen  uud  iroD,  ii.,  liSO 

Nitrogen  and  mercury,  i.,  412 

Nitrogeu  aud  niolnum,  ii.,  357 

Nitrogen  and  potawrium,  i.,  100 

Nitrogen  and  iwxliuu,  i.,  154 

Nitrogen  aud  tantalum,  ii.,  352 

Nitrogen  and  titanium,  ii..  264 

Nitrogen  and  tiin^tcn,  ii.,  216 

Nitrogen  and  vanadium,  ii.,  21»8 

Nitrogen,  liqiiefactiou  of,  ii,,  523 

Nitro-pnisaic  acid,  ii.,  116 

Nitro-pnissides,  ii.,  1 16 

"  Nitrum  llammans,"  i.,  179 

Noble ;  products  of  combustion  of  gnn- 

(MiwdtT,  i..  1*5 
Noble  garnet,  i.,  'ISS 
NoD-meta!i>,  spectra  of,  ii.,  477 
N'onlenski'jjd ;  comiKwitioD  of  meteoric 

iron,  ii.,  2(1 
Northwich,  Balt-be<lfi  at,  i.,  110 
Njrmpbenburg  porccbuQ,  i.,  4U4 


Ogtohedilu.  borax,  i.,  127 
r>pnque  glaaa,  i.,  485 
Optical  glaaa,  i.,  471 
Orangeite,  ii.,  273 

<  )re.H  of  iron,  ii.,  35 
Orthito,  ii.,  273 

Osaun ;  discovery  of  ruthmium,  ji.,  449 
Oiimiamic  acid.  ii..  461 
0«mic  acid,  ii.,  46ii 
Usmiocyanic  acid,  ii.,  402 

<  iKmiiicyttnideJi,  ii.,  4(i2 
OfimioxynmmoDium  hyilroxide,  ii.,  463 
<>Kmioxydiammonium  chloride,  ii.,  463 
Osmium,  ii.,  4.56:  preimnilion  of  the  pure 

metal,  457  :    danger  in  volatiliziug   it, 
ib, ;    tutes    of    the    metal,    tli. ;   oxides 
and  salts  of.  45* :  deti-ction  and  esti- 
mation of.  4)U :  atomic  weight,  464 
Osmium  aud  sulphur,  ii.,  463 


Osmiimi  dioxide,  ii.,  459 

Osmium  monoxide,  ii.,  450 

Osmium  sesquioxide,  ii.,  450 

Osmium  sulphite,  ii.,  459 

Osmium  tetrachloride,  ii.,  450 

Osmium  tetrahvdroiide,  ii.,  459 

Osmium  t<.truxide,  ii.,  46() 

C>smium  trioxide.  ii.,  4llll 

C*xidcs,  general  properties  of,  i.,  30 

Oxidea  of  manganese,  it.,  5 

Oxidca  of  molybdenum,  ii.,  185 

Oxide.«  of  osmium,  ii.,  4,>8 

Oxlaud ;   his   process  for   obtaining  the 

tungsten  compounds,  ii.,  2lil ;  for  the 

reduction  of  tin,  232,  235 
Oxyammonia,  i.,  185 
Oxyammonium  chloride,  i.,  185 
Oxyammouium  comixfuuda,  i.,  185 
Oxyammonium  nitrato,  i.,  186 
Oxyammonium  sulphate,  i.,  186 
Oxychlorides  of  magnesium,  i.,  242 
Oxychlorides  of  molylxienum,  ii.,  189 
Oxyilimcrcuricammoniiim  io<lide,  i.,  416 
Oxygen  and  aluminium,  i.,  4:12 
Oxygen  aud  Butim<iny,  ii.,  310 
Oxygen  and  I  nrium,  i.,  22i) 
Oxygen  ami  bi!<mutb,  ii.,  335 
Oxygen  and  calcium,  i.,  189 
Oxygen  aud  cerium,  i.,  423 
Oxygen  and  chromiimi,  ii.,  159 
Oxygen  an<l  cobalt,  ii.,  128 
Oxygen  aud  copper,  i.,  328 
Oxygen  anil  ^old,  ii..  376 
Oxygen  and  iridium,  ii.,  441 
Oxygen  and  iron,  ii.,  84 
Oxygen  aud  had.  i.,  281 
Oxygen  and  lithium,  i.,  160 
0.\ygcn  and  magnesium,  i.,  240 
Oxygen  and  nickel,  ii.,  140 
Oxygen  and  niobium,  ii.,  353 
Oxygen  au<l  palladium,  ii.,  426 
Oxygen  and  platinum,  ii..  4)10 
Oxygen  and  potassium,  i.,  62 
Oxygen  ami  rhodium,  ii.,  433 
Oxygen  and  ruthenium,  ii.,  451 
Oxygen  ami  silver,  i.,  307 
Oxygen  anil  sodium,  i.,  107 
Oxygen  and  .strontium,  i.,  314 
Oxygen  and  tantalum,  ii.,  3-10 
Oxygen  and  thallium,  i.,  301 
Oxygen  and  tin,  ii.,  241 
Oxygen  and  titanium,  ii.,  3,'>6  • 

Oxygen  and  tungsten,  ii.,  2<i7 
Oxygen  and  nranium,  ii.,  320 
Oxygen  and  vanadium,  ii.,  282 
Oxygen  gas,  use  of  potaMium  chlorate  m 

its  preparation,  i.,  72 
Oxygen,  liquefaction  of:  Pietct'a  tppa- 

ratua,  ii.,  517—523;  Cailletct'*  appa- 

ntus,  523 
Oxygen,  liquid  ;  its  specific  gravity,  ii., 

531 
Oxymuriate  of  tin,  ii.,  348 


PACxroxo.or  pack-tong.an  alloy  of  nickel, 
ii.,  146,  149 
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Painting  on  porcelain,  i.,  498 

PalladaminoDium  anipliate,  ii..  430 

I'alliuiilaiumouhiiu  c)ili:ri<li>,  ii..  430 

Pnlliuldammonitim  livdroxide,  ii..  Aid 

P&llailiammoniuiu  chloridp,  ii.,  430 

I'alliuliimiinnnium  hyiiroxide,  ii.,  430 

Falladic  cliloriile,  ii.,  429 

Palladic  salts,  ii.,  439 

Pnlloilious  chloride,  ii.,  427 

Pallailiouii  cyanide,  ii.,  430 

Pallatliotis  itnlide,  ii.,  42H 

Palladioim  nitrate,  ii..  428 

Palladioiis  luOto,  ii.,427 

Pallndioua  sulphate,  ii.,  438 

Palladium,  ii,  422^431 ;  it*  hintory,  422 ; 

{irt'imration  of    pure  paUailiiim,  423 ; 

properties  of  the  im-tnl,  424  ;  it"  um)», 

i//. ;  detection  and  cstiinatiou  of,  431 J 

atomic  weight,  r/>. 
Palladium  and  hydrogen,  ii.,  425 
Palladium  and  oxygen,  ii.,  420 
I'alladium  and  .mdphur,  ii.,  431 
I'alladium  dioxide,  ii,,  427 
I^aJlntliiim  <lisidphide,  ii.,  431 
Pallndium  heimoxide,  ii.,  420 
Palladium  hemiHulphide,  ii.,  431 
Palladium  hyilride,  ii..  425 
Pallwlium  wonosulphide,  ii.,  431 
Palladium  monoxide,  ii.,  427 
Paracelsus ;  conHtitutiou  of  »alta,  i.,  35  ; 

zinc,  2.')1 ;  copper,  310 ;    coWlt,  ii.,  I2U ; 

powder   of  Algaroth,    317;    antimony, 

32(1 ;  hismuth.  330 
PariniimCViuiuisgion  for  the  International 

Metrical  System ;  preparation  of  stand- 
ard mcter-mea*ure»,  ii.,  438^—440 
Parlces's  proccm  fur  dcsilvepng  lead,  i., 

278 
Passive  iron,  i!.,  33 
Patent  yellow,  i.,  288 
Patfinnon  ;  -white  lew!,  i.,  2>S7 
Pearl-axh,  i.,  92 ;  Amerirao.  >^. 
Peligot ;  uranium,  ii.,  217,  218 
Perclilorates,  i.,  50 
Perchromic  acid,  ii.,  179 
Percy's  aii^reduction  process  for  lea<l,  i., 

27- 
Periodic  law  of  the  elemeuta,  ii.,  506 
Permanent  white,  i.,  225 
Permanganatvic,  ii.,  21—23 
Permanganic  acid,  and  its  Baits,  ii.,  18,  20 
Pemofa    revolving    hearth,     for     stcel- 

mnViug,  ii.,  81 
Peroxiili's  of  metala,  i.,  81 
Poruranates,  ii.,  227 
X'eru,  tin-ores  of,  ii.,  232 
Peruvian  bismuth,  atialyses  of,  ii.,  332, 

333 
Pewter,  ii.,  237  ;  aanlysis  of,  307 
Philipi'im,  aid  of  tho  spectroocoiw  in  its 

discovery,  ii.,  4(53 
Philosopher's  stoue,  search  after  the,  ii., 

3W 
PhoHphate*,  i.,  52 
Phosphate's  of  aluminium,  i.,'457 
Phosph.it4-B  of  btTyllium,  i.,  235 
Phosphates  of  cnlnuni,  i.,  205 
PhOBiihat^^'B  of  cobalt,  ii.,  131 
Phosphates  of  copper,  i.,  340 


Phosphatos  of  lend,  i.,  200 
Phosphates  of  magnesium,  i.,  345 
Phospiuites  of  mwourjr,  i,  407 
Pho.^phatPS  of  nickel,  li.,  152 
Phosphates  of  silver,  i.,  370 
Phosphates  of  tlmllinm,  i.,  305 
Phosphomolylxlic  arid,  ii.,  197 
Pliosiilior-brouie,  ii..  238 
Pliosphorus  group,  elements  of  the,  ii., 

421 
Phosphorus  and  cobalt,  ii.,  141 
Phosphorus  and  gold,  ii.,  38^ 
I'hosphoms  and  irnu,  ii.,  121 
Phosphorus  and  mercury,  i.,  416 
Phosphorus  and  molybtlentim,  ii.,  190 
Phosphonis  and  nickel,  ii.,  154 
Phosphorus  anil  tin,  ii.,  252 
Phosphorus  and  tungst^^,  ii.,  216 
Phosphorus  in  iron,  i.,  65 
Phosphorus  in  pig-imn,  ii.,  70 
Phosphorus,  its  elimination  from  Iron  in 

the  Hcss<!mi>T  process,  ii.,  76 
Phospho-tungstic  iu:itls,  ii.,  313 
Photography,  i.  380 
Photographic  printing,  i!.,  173 
Pianoforte  wire,ii.,31 
Pictet,  M.  Raoid  ;    conden!<ation    of  tile 

so-called    pennauent    giise«,  ii.,    516 ; 

his  nppamtus   for  tho  liquefaction  of 

oxygen,  517 — 522;   density  of  liquid 

oxygon,  620 
Pig-iron  and  refined  iron,  varieties  and 

analyses  of,  ii.,  ."18,  61 
Pitchblende,  ii,  217 
Placer-digging  for  gold  (see  Gold) 
Plate-glass,  i.,  46!) 
Platiuaiumotiium  chloride,  ii.,  413 
Platiuammouiiun  cotnponnds,  ii.,  413 
Platlnanmionium  h^droxido,  ii.,  413 
Platinammooium  nitrate,  ii.,  413 
Platinammonium  sulpliate,  ii.,  413 
Platindianimoniiuii  chloride,  ii.,  414 
Platindianunoniuin  comimuuds,  ii,,  414 
Platindiaimuonium  nitrate,  ii,,  415 
Platinic  bromiile.  ii.,  407 
Platinic  chlorid".  ii.,  4(H 
Platinic  hydroxide,  ii.,  400 
Platinic  iwlide,  ii.,  407 
Platinic  salts,  ii.,  4l'>4 
I'latmlc  sulphate,  ii.,  407 
PIftlinithiocyanates,  ii..  419 
Platinitliioevauic  acid,  ii.,  419 
rhitiiim()no<1iftmmi>nium  chloride,  ii.,  414 
Platiiimouothammoiiium  compounds^  ii., 

414 
Pintiuochlorides.  ii.,  403 
Platinocyanic  acid,  ii.,  417 
Platinoeyanides,  ii.,  417 
Platinomtrites,  ii.,  407 
PlatiuothiiX'yanat'?s,  ii.,  419 
I'latinoit.s  briimid(\  ii.,  404 
Platiuous  chloriile.  ii.,  401 
I'latinoiis  hydroxide,  ii.,  400 
Platinoiis  iodide,  ii.,  404 
Platinous  salts,  n.,  401 
Pktinous  sulphite,  ii.,  404 
I'latinsemidiamnionium  ch'oride.  il.,  41 
Platinsemidiammiiuium  compounds,    ii 

413 
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FlBtinmn.  ii..  388—422 :  it*  hirtirr.  SfW ; 
Ufttive,39'>;peogrBpliic*l(Ji»triburi(jouf 
ill. ;  mctallurjry  ot,  ili. :  miuiiifarttire  of 
cruc3>li'«,  ib.,  302  ;  aiialyses  of  difffRaat 
om,  391 ;    prfpsrattoQ    of    malleable 
platmmn,  ib. ;  Deville*fl  process  of  m^ 
n uf act  urc,  il> . ;  it s  uses,  39 J ;  fused  by  the 
oxy-bv»in>gt»n  blow^jipe.  *''. :  cnipUiyt^d 
for  coining  at  St.  Petersburg,  393 ;  varia- 
tions  io  price  of  the  mi'tial,  ih.;  jire- 
paratioD  of  pure  plutiuum,  395:  pro- 
perties of    the    uietal,    3!Hi;     oiiongy 
platinum,    30t^ ;    plat'.uum   blaclc,  ib. ; 
uetectinn     and     estimation    of,    4J1  ; 
atomic  weight,  422 
Platinum  and  oxygen,  ii..  400 
PUtJQum  and  the  elenienta  of  the  phos- 
phorus group,  ii.,  421 
riatiunm  and  the  elements  of  the  sul- 
phur group,  ii.,  420 
riatinum  dichlorid?,  ii.,  491 
Phitioum  <lioxide.  ii.,  4(H) 
Platinum  diNulphide,  ii.,  420 
Ftbtinimi  monii»ulph:de,  ii.,  420 
Platinum  monoxide,  ii.,  4i!0 
Platinum  tetrachloride,  ii..  404 
Plntiuum  tetrnhyclroxide,  ii.,  400 
l'iat;j;    ma^etite,  ii.,  8d 
rttitodiammuuium  bromide.,  ii.,  412 
IMutotliammonium  carlxmate,  ii..  412 
PIntodiainmonium  chloriile,  ii.,  412 
Plat^Mliammonium  eomiMuuds,  ii..  411 
JPlatodinnimiiuiuui  hyilroiide,  ii.,41l 
Platodiammouium  iwlide,  ii.,  412 
riat«idiammouium  nitrate,  ii.,  412 
IHaUidiaiuuionitJiu  fudphate.  ii.,  412 
Platosanunonium  bromide,  ii.,  410 
Platoaammonium  chloride,  ii.,  401) 
Platosammonium  coriipound.<i,  ii.,  400 
Platosanmionium  iodide,  ii.,  410 
Platosammonium  ni(rat«,  ii.,  410 
IMatoNunmonium  nitrite,  ii.,  410 
Plat4>»imni(>niunf  oxide,  ii.,  409 
Platjj.^aimuouium  sulphate,  it.,  410 
Platotomidiammouium  bromide,  ii.,  411 
PlatORemiiiiammouium  chloride,  ii.,  410 
Flnto.«eniidiamm(tniunicoitijxtundB.ii.,410 
p]at4)S«Muidianintonium  iodide,  ii.,  411 
PlatoW-'micliRinmonium  nitrate,  ii.,  411 
Plat<nemidiammonium  nitrite,  ii.,  411 
Platowmidiammonium  »ulphtit<>,  ii.,41l 
Plattner'a  method  of  extracting  g<jld  by 

chlorine,  ii.,  3(ifl 
Pliny ;  Bodium,  i.,  103:  nitre,  Ki3:  lirae- 
buming,   197 ;  zinc,  2.'il  ;  his  distinc- 
tiou  between  li  ad  and  tin,  270 ;  loiul- 
stone,  ii.,  1 ;  medical  i  ropertie"  of  nist 
of  iron,  84;    molylxb  nnm,   183;    tin, 
230,  231,  237;    antimorv,    301,  311; 
hydraulic  goM-miniug,  3'Mi ;  ductility 
of  gold,  372 ;  gold-l)eatiiig,  tb. ;  gilding, 
374 
Plumbago,  ii.,  183 
Poisoning,  aiitimonial,  ii.,  826 
Poisonous  action  of  lead  salts,  i.,  SM 
Pontrpool  iron-stone,  analysis  of,  ii.,  43 
ForoeUin,  i.,  461,  490;  irideaoopt  glaae 

produce"!  by  binmuth,  ii.,  .S32 
Pwret ;  iron  and  cyanogen,  ii.,  104 


Portland  oemoit,  i.,  SIO 
Potash  lye.  i..  ($4 

"  Potaahea,"  (srt  Potassinin  CarboiUkt*) 
Potassamide.  i.,  100 

Potassium ;  its  lilitory,  i.,  55 ;  sources  of, 
&C ;  metallic,  its  ]ireparati(>o,  57  :  {vo- 
perties  of  the  ni>  tnl  .M) ;  detection  and 
estimation  of.  101 ;  atomic  weight,  il>. 
Potassium  alurainat^',  i.,  445 
Potassium  amalgam,  i..  394 
Potassium  and  hvilnigeu,  i.,  Al 
Potassium  and  mtn>gen,  i.,  UIO 
Potassium  and  oxygen,  i.,  62 
IVitassium  and  sulphiu-.  i.,  97 
Potassium  antimonate,  ii.,  314 
Pitaasinm  araeuate,  nomml,  i.,  80 
Potassium  arseuite,  i.,  00 
I'otasaium  aurate,  ii.,  3.'<> 
Potassium  auric  sulphite,  ii.,  3.S4 
Potassium  auio-cyaoidc,  ii.,  381 
Potassium  barinm  osmiocyauide,  ii.,  463 
Potassium  bromate,  i.,  73 
Potassium  broniiile,  i.,  68 
Potassium  carbonate,  its  propantioD,  i.. 
91;  pearl-ash,  02;   putaah  from  (wet- 
root,  93  ;  from  shi-ep-wuol,  ib. ;  yswly 
piwiuct  of  potashes,  94:  use*  of  c«r- 
nonato  of  ]Kita.«li,  95 
Potossium  carbonate,  normal,  i,,  91 
Potaisium  cerous  sulphate.  1.,  421) 
Potassium  chlorate,  i,,  70;  us«>  in  the  artu 
and  medicine,  73;  its   oxidinug  pro- 
perties, id. 
Tutummn  cb1oraurat«,  ii.,  S83 
Potassium  chloride,  i.,  66 
Potassium  chlorovhromate,  ii.  178 
Potassium  chlurofjlatinnte,  ii.,  405 
Potassium  chmiiuc  sulplmte,  ii.,  105 
Potassium  chronuc  tliiocyaiinte,  ii.,  106 
Potasaiom  ohromoryiuiide,  ii.,  liXI 
Potasdum  cobalticy'nnide.  ii.,  140 
Potassium  cobalt  lutrite,  ii.,  134 
Potassium  ryanate,  i.,  97 
Potassium  cyanauratc,  ii.,  38S 
Potassiiun  cyanide,  i.,  00 
Potassium  dirhroniate,  ii.,  170 
Potassium  diii\il|ihite.  i.,  74 
Potassium  ferric  mdphide,  ii,,  119 
Potassimn  ferrlcyauide.  ii.,  109 
Potassium  ferrocysnide,  ii„  106 
Potassium  fluochromate.  ii.,  178 
Potassium  fluortile,  i  ,  (19 
Potassium  llinMilicnti'.  i.,  01 
Potassium  fluoxyviuuidnte«,  ii.,  SO0 
Potassium  hexniobate.  ii..  3<'>4 
Potassium  bcstoutalale  ii.,  360 
Potas.tiuni  hydrosulpliitfc,  i.,  98 
Poto.iNium  liydroxiile,  i.,  OS 
Potttsoium  hyjioantimoiiate,  ii.,  313 
Potassium  hypochlorite,  i.,  70 
Potassium  hypoph<i«]ibit«i,  i.,  80 
Potassium  faypovaoa<latr,  ii,,  293 
Potosainm  iodato,  i.,  73 
Potasilum  iodide,  I.,  60 
Potaaijam  iridichloride,  ii.,  44S 
Potassium  iridicyanido,  li,,  447 
Pota.^Ainm  iridifd)n>tnide,  il..  444 
PotuM^iiiin  iridioi'hlnride.  ii..  443 
Potassium  iruliuuitrite,  ii.,  440 
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Potassium  inagneHam  chloriile,  i.,  241 
rotoMtiuiu  uielahorale,  i.,  90 
rotaK&ium  mctant  iiaonnt«,  ii.,  315 
FotoAfiium  luotaKilifjito,  i.,  fK) 
PutaRKiuni  inetavanattatf'.  ii„  28U 
Potii56iuiu  mnlybiiate,  ii,,  103 
Potaamum  inol,vb<lir  oxylluuriilo,  ii.,  191 
Potusiiim  mouomotaplios^jhate,  i^  09 
Potaiwium  nionoHulpliide,  i.,  97 
Potassium  inonaxido,  i.,  (32 
Potaiwium  nitraU-,  termed  sul  pttra  by 
Gebcr,  i.,  77  ;  afterwards  called  nilriim, 
t/i, ;  aourceSj  ih. ;  collcct«ti  id  ludia  by 
Soniwallahs,  iV>. ;  mauufacturo  of  nitro 
for  gunpowder,  7b  ;    mode  of  rcfiniug 
deftcribi'd  by  Agricola,  i^.;    its  manu- 
facture iu  KrancAs  Sweden,  SwitzL-rland, 
and  India,  79 ;  raw  and  purificMl  nitrr, 
79 ;  aaltpetre  0our,  ih, ;  crystalli/atioD, 
80;   liistory    of    tbo  use  of  nitre  aa 
an  explosive,  81 ;   dctountinf^  jmwdiT, 
ih. ;  powder  of  fusion,  lA. ;  gunpowder, 
8- ;    ex|M!riments    on    gunpowder    by 
Bunscn  and  Hcbishkoff,  Linok  and  Ka- 
rolyi,  83 ;  by  Abel  and  Noble,  85,  80, 
87 
Potassium  nitrate :  solubility  of,  i.,  80 ; 
it6  uses,  81 :  combustion  of  gunpowder, 
gaaeous  and  total   products,  84 — 87  ; 
large  aoil  small  grain  powder,  88 
Potassium  nitrite,  i.,  88 
Potassium  uitraprussidc,  ii.,  llfl 
Potaasium  ortlioplinspbatc,  normal,  i.,  80 
Potassium  osmat*,  ii.,  4<i0 
Fotassiiun  OKmiamate,  ii.,  461 
PotMsium  osmichloriile,  ii.,  4.59 
Potassium  osmiocliloride,  ii.,  4-59 
Potassium  oamiocyanide,  ii.,  4(U 
Potassium  osmium  sulphite,  ii.,  4.i9 
Potassium  pallnjiichloride,  ii.,  429 
Potassium  palln<li<K'lil(>ri<le,  ii ,  4:27 
Pstassiam  palladiuuitritxs  ii..  428 
Potassium  pentasulpliide,  i.,  99 
Potassium  jierchloratiC,  i.,  73 
Potassium  p'/rindute,  i.,  74 
Potas.^um  ptToxidr,  i.,  03 
Potassium  i»TtbiomolylHlaf<',  ii.,  199 
Potassium  peruraont^?,  ii..  227 
Potanium  pliospbite,  i.,  89 
Potassium  pbosiiboiiiolybdate,  ii.,  197 
Pota^eitim  pltitiuieblnride,  ii.,  4(),S 
Potassium  plntiuocbloride,  ii.,  403 
Potassium  platinocynnide,  ii.,  417 
Potasisimu  pliitiDoaitrite,  ii.,  407 
Potassium  plutin(vsulpliit.e,  ii.,  404 
Potaasium  ]>liitiuotliiocv»nate,  ii.,  419 
Potassium  plntiuothioplntinatr,  ii.,  420 
Potassimn  phinilwte,  i.,  285 
Potaarium  pyrophosphnt*",  i.,  89 
Potassium  rliodicyauide,  ii.,  436 
Potassiiun  rhodiockloride.  ii..  435 
Potaasium  rhodionitrite,  ii.,  436 
Potaasium  ruthenirhloride,  ii.,  454 
Potassium  nithcniocblnridc,  H.,  453 
Potassium  nithcuiocyonide,  ii.,  4SS 
Potassium  salts,  i.,  (M 
Potassium  tnlicotimgstate.  ii.,  215 
Potassium  silver  cyanide,  i.,  379 
Fotaiaiam  silver  thiocyanate,  i.,  380 


Pota.uium  sodium  ferricyanide,  ii.,  110 
Potassium  stannate,  ii.,  24.> 
Potassium  stonnoflunride.  ii.,  249 
Potassium  sulphate,  normal,  i.,  74 ;  acid, 

78 
Potaasium  solphite,  normal,  i.,  74;  acid, 

iV<. 
Potassium  tantaloBuoride,  ii.,  351 
Potassium  tctracbromate,  ii.,  173 
Potassiiun  tt-trasilicate,  i.,  91 
Potas-sium  tt^trasidphide,  i.,  99 
Potassium  thiotuittmonate,  ii.,  324 
Potaasium  thiocyanate,  i.,  97 
Potassium  thiomolybdate,  ii.,  199 
Potassium  thoriofluoride,  ii.,  275 
Potassium  titanut^',  ii.,  259 
Potassium  titanotluorido,  ii.,  OSH 
Potossitmi  triamide,  1.,  100 
Potassium  trichromate,  ii.,  172 
Potassium  tri-iodide,  i.,  09 
Potassium  triraolybdate  ii.,  194 
Potassium  tri-ulphide,  i.,  09 
Potasainm  timgstates,  ii.,  210 
Potassium  tungstosilicate,  ii.,  214 
Potassiiun  urmuite,  ii.,  226 
Pota.ssii]m  uranium  oxytluoride,  ii.,  284 
Poto-ssium  zirconofluutide,  ii.,  270 
Pott ;  his  investigations  on  manganese, 

ii.,  2;   manganese,  18;  properties  of 

bismuth,  ii30 ;  bismuth  nitrate,  S9S 
Potter}-,  i.,  4(il.  490,  498 
Powder  of  fusion,  i.,  81 
Praseo-colialtic  chloride,  i!.,  130 
Prediction  of  the  existence  of  nndisco- 

vered  elements,  ii.,  514 
Prismatic  borax,  i.,  128 
Proust ;  iron  and  cyanogen.  H.,  104 
Prout ;  nickel  iu  meteoric  iron,  ii.,  144 
Prout's  law,  ii.,  5l13 
Prussian  blue,  ii.,  104  ;  commercia],  114; 

soluble.  111 ;  insoluble,  113 
Prussian  green,  ii.,  114 
Prussic  acid,  ii.,  104 
Puddling    ftu7)uce,   plan,   elevation  and 

section,  ii.,  02  ;  revol\-ing,  6\ 
Puddling  process  for  producing  wrouglit- 

iron,  ii.,  01 
Purple  of  Cttssius,  ii.,  374 
I'urputeo-cobaltic  chloride,  ii.,  137 
Purpiireo-coliaUic  salts,  ii.,  137 
Puzzuoii,  voloAnic  tufa  of.  i.,  2<X> 
Pyrites,    manufacture   of   green   vitriol 

from,  ii.,  94 
PjTtx'hlor,  analyses  of.  ii.,  S47 
Pvroliisitc,  or  dioxide  of  manganese,  ii.,  2, 

4.13 
Pyrovonudic  acid,  ii.,  294 


QrAjnrvAijCTci!  of  the  metals,  t,,  97il 

Quartz-mining  for  goKl.  ii.,  308  

Qujirtz  reefs  of  Australia,  gold-bearing, 

ii.,  362,  304 
Quartz-reefs  of  California,  gold-hcniiu^, 

ii ,  302 
Quick-lime,  i.,  ISO 
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RKAncuR'n  porcelain,  i.,  483 

Red  hwnuitite,  ii.,3ll 

h«l  liwl,  i.,  iS3 

K«l  preripittttc,  i.,  396 

Ked-»hurt  irua,  ii.,  G5 

Keduced  iroo.  ii.,  83 

Uofined  iron  and  pig-iitm,  an&ljrsn  of,  ii., 
61 

Refining  gold  (irt  Gold  Refining) 

Bafiuing  icon,  ii.,  59 ;  pUm  Bud  eleration 
of  a  refinery,  60 

Bewdan«kite,  ii.,  152 

Shodammonium  c&rlKinnte.  ii.,  438 

ShodMnmouium  rliloride,  ii.,  43(1 

Khotiiunmonium  liydruxide,  ii.,  43G 

Kliodamniouiiim  nitnite,  ii.,  4^1<d 

RUodhinruonium  sulphate,  ii.,  430 

liliodium,  ii.,  432-437  ;  its  liistorr,  432; 
prri>aration  of  the  pure  metal,  M. ;  pro- 
l)ertio«,  433  ;  cletectinn  »u<l  estimation 
of,  437 ;  atomic  weight,  >A. 

Rhodium  an<l  oxygen,  ii..433 

Rhoilium  and  nulphur,  ii.,  137 

Rhodium  cldoride,  ii.,  434 

Rhodium  dioxide,  ii.,  434 

Rlto<lium  moQosulphide,  it.,  43* 

Rho<Uum  monnxiiie,  ii.,  433 

Khodium  nitrate^  ii.,  43U 

Rhodium  saltit,  ii.,  4.'(4 

Rhodium  seaquitiydroxidx,  ii.,  434 

Rhodium  M-squioxide,  ii.,  433 

Rliodiuui  Kutplmtv,  ii.,  435 

Rhodium  sulj>)iit<',  ii.,  435 

Rhodium  totrihydrvxide,  ii.,  434 

Rinnmaii ;  on  iron  and  steel,  ii,,  G6 

Rinmimn's  green,  ii.,  132 

Robertji,\V.  Chan^lhT :  iron  and  hydrogen, 
ii.,  84;  refining  gold  at  the  Koyol 
Mint,  371 

Bobiquet ;  Prussian  blue,  ii.,  112 

Rock  salt  [$tr.  Salt) 

Roman  bronze  coin,  analysis  of,  ii.,  330 

Roman  reinetit,  i.,  20U 

Roscoc;  ati»orj>'ion-Mieetnim  of  sodium 
vapour,  i.,  IHH ;  ferrous  perchlormte, 
ii.,  93 ;  tungsten  trioxidc,  2<)S ;  atomic 
weight  of  tuiigstrn,  217;  unuiiiim  l^'tra- 
chlorid'?,  223;  vuunilimn,  2'9:  ohlo- 
rides  and  oxychloridcs  of  vaniulium, 
31)3 ;  atomic  weight  of  vanadium,  300; 
niobium,  353 

Bose'i  metal,  analysis  of,  ii.,  384 

Rnaeo-cobaltic  ehlotide,  ii.,  186 

Roino-cobaltic  hydroxirlc,  ii.,  130 

Bosoo<obaltic  nitrate,  ii,.  137 

Boaeo-cobaltic  suit*  ii,,  13(3 

Boaeo-cobn!';  ■  .  ii„  187 

Bostadio*  :  ride,  ii.,  63 

Bouge,  jew'  i  i 

Rubidium;  itn  histury,  i.,  Ifl4 ;  sourws, 
105;  preparation  of  rubidium  com- 
pounds, 107:  of  the  meta),  ih.;  it* 
Baits.  108 ;  deU-ction  and  ealimation 
of,  169 ;  atomic  weight.  iA. 

Bubidium  earlKmate,  i,.  IKi 
'  Bubjdiimi  chloral'",  i.,  !«'» 

Bubidium  chloride,  i.,  108 

117 


Rubidium  nitrate,  i.,  168 

Rubidium  oxide  and  hydrate,  i.,  10* 

Rubidium  perchlorate,  i.,  108 

Rubi>lium  platinirhloride,  ii., 4<)0 

Rubidium  sulphate,  normal,  i.,  168 

Rust,  ii.,  32 

Rust  of  irou,  R'viilapiiis  and  Dioscoridcs 

on  its  medical  prupertiea,  ii.,  84  ;  Plioy 

anil  Oeber,  j'A. 
Ruthenic  chloride,  ii.  454 
Rutbeoic  salts,  ii.,  454 
Ruthenic  sulphatt^  ii.,  454 
Rutheuiocyauic  arid,  ii,,  455 
Rutheniocyanides,  ii.,  451^ 
Rutheniodiammouium  riirbonnte,  ii.,  456 
Butheniodiammonium  chloride,  ii.,  455 
Rutheniodianimonium  aiilphato,  ii„  4,55 
Rutheniosammouium  hydroxide,  ii.,  *t54 
Riithenioiis  chloride,  ii.,  453 
Riithfuioiis  iodide,  ii.,  454 
Ruthenious  saltii,  ii.,  453 
Ruthenium, ii., 449 ;  its  preparation,  440 ; 

detection  and  estimation  of,  450 ;  atomic 

weight,  ib. 
Ruthenium,  ammoniacal  coropoundu  of, 

ii.,  454 
Ruthenium  and  oxygen,  ii.,  461 
Ruthenium  and  siifiiliur,  ii.,  456 
Ruthenium  monoxide,  ii„  451 
Ruthenium  p<-roxide,  ii.,452 
Ruthenium  sesquichlorine.  ii.,  45,3 
Ruthenium  S(«quihyilruxiile,  Ii.,  ,151 
Ruthenium  ses<|uioxiile,  ii.,  451 
Ruthenium  sewiulnulphide,  it.,  456 
Ruthenium  tetnu'hlnriile,  ii.,  4>>i 
Riitheuiimi  tetraliydroiide,  ii.,  453 
Ruthenium  tetroxide,  ii.,  4,')2 
Ruthenium  trioxide,  Ii.,  462 
Rutile,  discovered  by  Ciregor,  ii.,  3C6 


8. 


St.  Oti.im,  Vt»n  de ;  his  discovery  of  so- 
luble meta-ferrio  hyilroxiile,  ii.,  89 

St.  Michael's  Mount,  Cornwall;  its  aiidnnt 
name  Iktis,  ii.,  231  ;  notice  of  tin  by 
Diod<iriis  Hiculun,  tf>. 

Bala,  Augi'liin ;  frdmiiiutiiig  gold,  ii,,  378 

8al-uinniunliic,  its  preparation  and  luwa, 
i.,  175-177 

"  Sal  duplicatum,"  (potaaiium  sulphate), 
i.,  75 

"Sidin"  (beet-root  potaab),  i.,  93, 186 

Bait,  common;  natural  di  |ioailis  1,110; 
Chcshiro  salt-beds,  lA, ;  rock-salt  in 
France  and  elsewhere,  ih. ;  modm  of 
rai>iiig  mill  working  it,  il>. ;  ita  prepa- 
ration from  tca-wattr,  IIS;  war  duty 
■III,  i:<4 

Salt-cake,  proijiietinn  and  Danufactivo 
of.!.,  116,182,  135 

S.ll';     •        •  I-    ■        ^    r,   »•:'--•,■•, 

8a  i  mal,  40j 

,M  .,   of,  43; 

f;eueric  proi-ertit*  «»l,  4*^ 
Is,  ammonium,  i.,  173 
Salts,  cliromic,  Ii,,  103 
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SaltK,  eut«ltic,  ii.,  yj3 

SaltN  cotjiilt4imiu«?,  ii..  iHS 

KaltD,  cn^Jx\'MW,  ii.,  1J9 

Baits,  ferric,  ii.,  !*'< 

Salts,  femnis.  ii..  i*l 

Halts,  iridic,  ii.,  415 

Kalts.  pallH<iir,  ii..  4jn 

8altK,  pallarii-ius  ii.,  427 

'Halts,  \tl-d\iui-;  ii..  4.4 

Salts,  platin-ji!-',  ii.,  401 

Salts  of  IxTvliiuin,  i.,  i£i4 

Salts  of  bikuutli,  ii..  iXi>i 

Salts  of  ciU'-iuiii,  i.,  171 

Salts  of  caHuuj,i.,ir'l 

Silts  of  cfriuiii.  i.,  4^1* 

Salts  of  ro|i]x-r.  i..  ;s31.  334 

Salts  of  iri'ii'iiii.  ii.,  443 

Salt* of  laiitiiauuin.  i..  424 

Kiilts  of  lilliiuiii,  i.,  lU^J 

Salts  of  ijia;;iii-M'j|i.,  i..  211 

•Salts  of  iinT.'irv.  i.,  3'»7 

Salts  of  Li'ki-I.  ii.,  l.>  i 

S;ilt<  of  OMii  ami'.'  -.u-A.  ii.,  4<il 

,S:ills  of  osiiii^iiii.  ii..  4.''»» 

Salts  of  |xjta^-iiim.  i.,  'W 

Salts  of  rliiHliiiiii,  ii.,  431 

Salts  of  riilijMiuiii,  i..  Id) 

Salts  of  silv  T,  i.,  3IJ'J 

Salts  of  so<li'iiii,  i  ,  111 

Salts  of  tlioriuiii,  ii.,  2T4 

Salts  of  titsiuiiiiii.  ii.,  2i» 

Kilts i/f  \aua<licini,  li.,  21W 

SalU  of  ytiriuiii,  i.,  4:;4 

Halts  of  /.ircotiiuiii,  ii.,  209 

Salts  of  tliu  (iioxijc  of  laolyMcDum,  ii., 

l.x« 
Salts  of  tlic  s««iuioxi<le  of  molybdenum, 

ii.,  l»s 
Kuxoii  bismuth,  iinnlysis  of,  ii..  333 
8  aliyc-r ;  supii  iwJ  rlVrcucc  to  platinum, 

ii.,  :i^'» 
Sniiiiliuiii.  niil  of  tli«  spectroscope  in  its 

<lLS(^jv*'ry,  ii.,  •U>.'> 
S  lici-li- ;  iMrimii,  i.,  21S ;    man(;an<-80,  ii., 

2,  I.'';  oxi.lcs  of  iron,  H5;  iiii>lyl)<l''uum 

aixl  pluiiiljinjo,  1''4 ;  fulminating  gold, 

37!» 
fiiOi.-.-llt<-.  ii..  201,2<)8 
Scli«<-litin<-,ii.,2iil 
Sflntiri-r ;  platinum  or  "  white  gold,"  ii., 

3W 
8  'lilM-hkolT ;  eotniKwition  of  gunpowder, 

i.,  !^i 
S<OilipiM-'H  salt,  ii.,  323 
Hclircilii'rsiti',  in  mtrti-oric  iron,  ii.,  23 
.Si'otlanil;  i;ol'l  >n.  ii.>  3(11 
Si'ot<h  li'ud  luarth,  i., 275 
Sc.'i-wator,  prcpanition  of  salt  from,  i., 

112 
Si-<llitz  mln<'r:il  water,  i..  230 
Hcfstr.im ;  inin  iiiiil  Kt"rl,ii.,  00 ;  discovery 

of  VHiiadiiini,  277,  278 
Sclcniuiii  and  antimony,  ii.,  325 
Hrnarniont ;  ferrous  carlionat**,  ii.,  97 
St'raiug;  gases  in  blast-furnace  for  smelt- 
ing iron.  ii..  55 
S<Tullas;  fi-rrous  (xTchlorate,  ii.,  03 
Sevres  ]x<rceluin.  i.,  4!)3 
Bheu>8teel,  manufacture  of,  ii.,  63 


Sheep-vool,{aeiantaaB  of  potadie*  feon, 

i-i7 
Sberia;  meteoric  iroB  in,  iL,  39;  gold  in, 

361 

Siderite,  ii.,  38 

Siels-nbergm ;  anmlyBS  of  natire  gold 
Irum,  ii.,  3<i5 

Sieueui-Vartin  prooeafarsteel-inakiiif. 
ii_  77 — »1 

Silesian  prooeai  for  the  {repaiataon  of 
zinc,  i..  254 

Silica,  idtramarine  in,  I.,  453 

Silii^ted  soap,  i.,  129 

SiliL^t^s  of  alnminiom,  i.,  457 

Silicates  of  barium,  i.,  226 

Silicates  of  cobalt,  ii.,  132 

Silicates  of  eonier,  i.,  341 

Silieates  of  lead,  i.,  291 

Siiicates  of  iron,  ii.,  lijS 

Siii>al«-s  of  sodium,  i,,  129 

Silicates  of  thallium,  i..305 

.Silicates  of  zirconium,  ii^  270 

SiliccMlecitung!^ic  arid,  ii.,  214 

Silicoduodecitungstic  arid,  ii.,  215 

Silicon  in  iron,  ii.,  05,  TO,  72 

Silicotungstic  acid,  ii.,  215 

Sillimau ;  hydraulic  gold-mining  in  Cali- 
fornia. ii.,*3(J6 

Silver :  its  history,  i.,  347 ;  soorcea.  ii. : 
metallurgy  of.  iK  ;  preparation  of  pine 
silver,  'ioi;  properties  of  the  metal. 
35t> ;  silveriug  and  plating.  3U1 ;  alloys 
of  silver,  305 ;  salts  of  silver.  309 ;  <lV- 
tectinn  and  istimation  of.  3^ ;  atomic 
weight,  337 ;  its  combination  with  and 
M'paration  from  gold,  ii.,  360,  'MS,  309 

Silver-alum,  i..  450 

Silv>T  amalgam,  i..  396 

Silver  and  oxygen,  i.,  367 

Silver  and  hulphnr.  i.,3.><') 

Silver,  arvniti  s  and  arsenates  of,  i.,  379 

Silver  bromide,  i.,  372 

Silver  Cjirbonat«,  i.,  379 

Silver  chloride,  i..  3S9 

Silver  rldoriile  and  ammonia,  i.,  373 

Silver  cyanate,  i.,  379 

Silver  cyanide,  i.,  379 

Silvc.T  dichromate,  ii.,  175 

Silver  dioxide,  i.,  363 

Silver  ferric  sulphiilr,  ii.,  119 

Silver  hemioxide,  i.,  307 

Silver  liy|K)vauailntc,  ii.,  293 

Silver  iodide,  i.,  373 

Silver  met;ivanadatc,  ii.,  238 

.Silver  nitrate,  i.,  377 

Silver  nitrit*',  i.,  378 

Silver  ortbovanadate,  ii.,  288 

Silver  osmiamate,  ii..  462 

Silver  peroxiile,  i.,  308 

Silver,  phosphates  of,  i.,  379 

Silver  platin<mitrite,  ii.,  4>'>7 

Silver  pyrovanadate.  ii„  238 

Silver  salts,  action  of  light  on,  i.,3S0 

Silver  sodium  thioaulphate,  i.,  377 

Silver  sub-chloride,  i.,  372 

Silver  sulphate,  normal,  i.,  376 

Silv<T  sidphiile,  i.,  380 

Silver  sulphite,  i.,  376 

Silver  tetrantoxide,  i.,  367 
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Silver  thiocyanate,  i.,  380 

tiilver  thiostilphate,  i.  376 

Silver  ultramarmu,  i.,  4(J0 

Silvery-iron,  ii.,  59 

Skraup ;  Priusian  blue,  ii.,  Ill,  113 

Smalt,  ii.,  120, 132, 331 

Smelting  iron,  (see  Iron  Smelting) 

Smith,  J.  L. ;  composition  of  meteoric 
iron,  ii.,  29 

Soda-ley,  i.,  109 

Su<1a  manufactured  from  cryolite,  i., 
153 

SoUamide,  i.,  154 

Sodium  ;  its  history,  i.,  102 :  mnrces  of 
the  metal,  1U3 ;  its  prepuratiun,  104 ; 
its  properties,  100;  detictiou  and  esti- 
mation of,  155 ;  spectrum-reaction  of 
absori)tion-sjx.'ctrum  of  its  vapour,  156 ; 
atomic  weight,  ih. 

Sodium-alum,  i.,  450 

Sodium  uluminatt!,  i.,  445 

Sodium  aluminium  cjdoride,  i.,  447 

Swlium  amalgam,  i.,  394 

Sixlium  and  hydrogen,  i.,  107 

Sodium  and  nitrogen,  i.,  154 

Sodium  and  oxygen,  i.,  107 

Sodium  and  sulphur,  i.,  154 

Sodium  antimnuate,  ii.,  315 

Sodium  antimonite,  ii.,  312 

Sodium  arsenatt-s,  i.,  125 

Sodium  auro-sulphide.  ii.,  386 

Sodium  auro-sulplute,  ii.,  380 

Sodium  auro-thiusulpliate,  ii.,  380 

Sodium  bromide,  i.,  114 

Sodium  carbonate,  normal,  i.,  130 

Sodium,  carbonate  of,  i.,  130 

Sodium  chlorate,  i.,  114 

Swlium  chluraurate,  ii.,  383 

Sodium  cldoride,  i.,  110 

Sodium  chromic-tliiocyanate,  ii.,  157 

Sodium  docamolybdate,  ii.,  195 

Sodium  dichromate,  ii.,  173 

Sodium  dimetaphospliatc,  i.,  124 

Sodium  dimoly  txlate,  ii.,  194 

Sa<lium  dioxide,  i.,  109 

Sodium  disulphatc,  i.,  118 

Sodium  disulphitc,  i.,  110 

Sodium  ferric  sulphide,  ii..  119 

Sodium  ferricyanidc,  ii.,  110 

Sodium  ferrocyanido,  ii.,  108 

Sodium  hexmetaphoi^phat^,  i.,  125 

Sodium  hextajitalate,  ii.,  350 

Sodium  hydrate,  i.,  103 

8o<lium  hydrogenide,  i.,  107 

Sodium  hydroxiile,  i.,  108 

Sodium  hypochlorite,  i.,  114 

SmUum  hypophospliite,  i.,  120 

Sodium  hyposulphite,!.,  115 

SoiUum  hypovanadat«,  ii.,  293 

Sodium  iodide,  i.,  114 

Sodium  iridichloride,  ii.,  445 

Sodium  iridiochloride.  ii..  444 

Sodium  metaborate,  i.,  129 

Sodium  mctantimonatc.  ii.,  315 

Sodium  metaphosph'ates.  i.,  124 

Sodium  metastannat«,  ii.,  246 

Sodium  metatungstate,  ii.,  21 1 

Sodium  meta\-anadate,  ii..  286 

podium  molybdate,  ii.,  194 


Sodium  moDometaphosphate,  i.,  124 

Sodium  monoxide,  i.,  107 

Sodium  nitrate,  i.,  119 

Sodium  nitrate  (Chili  saltpetre)  i.,  79 

Sodium  nitroprusside,  ii.,  116 

Sodium  octomolybdate,  ii..  195 

Sodium  orthoborate,  i.,  120 

Sodium  otthophosphate,  normal,  i.,  121 

Sodium  orthophosphates,  i..  121 

Sodium  ortbovanadate,  ii.,  2S<J 

Sodium  osmichloride,  ii.,  400 

Sodium  palladiosul^hitc,  ii.,  428 

Sodium  peruanate,  li.,  227 

Sodium  phosphates,  i.,  120 

Sodium  platiuichloride,  ii.,  4').) 

Sodium  potassium  carbonate,  i.,  154 

Sodium  potassium  ferrocyauide,  ii.,  108 

Sodium  pyroborate,  i.,  120 

Sodium  pyrophosphate,  norma',  i.,  123 

Sodiiun  pyrophosphat«8,  i.,  123 

Sodium  pyrovanailate,  ii.,  280 

Sodium  rhodiochloride,  ii.,  435 

Sodium  rhodionitrite,  ii.,  430 

Sodium  salts,  universal  distribution  of, 

i.,111;  ii,480 
Sodium  seleno-antimonate,  ii.,  325 
Sodium,  silicates  of,  i.,  129 
Sodium  silicofiuoride,  i.,  129 
Sodium  stannate,  ii.,  245 
Sodium  stannofluoride,  ii.,  250 
Sodium  sulphate,  normal,  i.,  110 
Sodium  sulphite,  norm.tl,  i.,  1 15 
Sxliiim  tantaloSuortde,  ii.,  351 
Solium  tetramctapho8])hate,  i..  125 
Sotliura  tetramolybdate,  ii.,  194 
Sodium  tetrasilicate,  i.,  129 
Sodium  thioantimonate,  ii..  323 
Sodium  thiosulpiiate,  i.,  118 
Su<lium  titanoSuoride,  ii.,  203 
Sodium  trimutapbosphate.  i.  124 
Sodium  trimolybdate,  ii.,  194 
Sodium  tungstatcs,  ii.,  211 
Sodium  uranate,  ii.,  226 
Sodium  zirconate,  ii.,  269 
Solder,  ii.,  237 ;  bismuth  in  the  mauu- 

factiure  of,  334 
Solubility  of  salts,  i.,  43 
Soluble  glass  of  Fuch,s,  i..  91 
Sora wallahs  in  India,  employed  to  col- 
lect saltpetre,  i.,  77 
Spain,  iron  furnaces  in,  ii.,  44 
Spar,  i.,  187 
Spark-spectra,  ii.,  475 
Spathoso  iron  ore,  ii.,  38 ;  analyses  of,  41 
Specific  gravity  of  metids,  i.,  11 
Specific  heat  of  metals,  i.,  14 — 16 
Spectra  of    gases,    ii.,   474;    of  flames, 

475 ;  of  sparks,  ih. ;  variation  in,  476 ; 

of  metals,  477  ;    of  non-metals,    ib. ; 

of  compounds,  479 
Sp<!ctro8cope,  its  use  in  the  detection  and 

estimation  of  potassium  salts,  i.,  101 ; 

its  application  to  the  Bessiemer  flame, 

ii.,    76;    its    construction    and    use, 

470 
S|)ectmm  analysis,  ii.,  465,  466 
Specular  iron  ore   ii.,  36 
Speculum-metal,  ii.,  233 
Spencer,  T. ;  electrotypiog,  i.,  324 
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Spiegel,    or    specnlar    pig-iron,  U.,    68; 

analyspfi  of,  57 
Spiegciviecn,  b  variety  of  cast-iron,  ii., 

5(3 
**  Spinaglasa,"  or    "  8j)ic«iiglttnce,"    Grer- 
man  Dumos  for  antimony  sulphide,  ii., 
301,  302,  320 
Spongy  iron,  ii.,  83 
Spring-steel,  manufacture  of,  ii.,  63 
Stahl :  alkalis,  i.,  54 ;  decomposition  of 
potasKiura  sulphate,  75 ;    oo  iron  and 
Bt«el,  ii.,  (id ;  ferric  acid,  90 
Stannatcs,  ii.,  244 
Stannic  acid,  ii.,  244,  245 
Stannic  bromide,  ii.,  249 
Stannic  chloriile,  ii.,  247 
Stannic  compounds,  ii.,  243 
Stannic  nitTat«,  ii.,  250 
Stannic  oxide,  ii.,  243 
Stannic  phosphate,  ii.,  250 
Stannic  sulphate,  ii.,  250 
Stannic  sulphide,  ii..  251 
Stannous  bromide,  ii.,  242 
Stannous  chloride,  ii.,  242 
Stoiinou.H  compotinds,  ii.,  S41 
Stannous  fluoriile,  ii.,  243 
Btumic  hydroxides,  ii.,  244 
Stannous  iodide,  ii.,  242 
Stannous  nitrate,  ii.,  243 
Stannous  oxido,  ii.,  241 
Stannous  sulphate,  ii.,  243 
Stannous  sulphide,  ii.,  250 
Stannum,  the  ancient  name  for  tin,  ii., 

231 
Stars,  fixed,  metals  in  their  atmospheres, 

ii.,  iiSG 
Stas ;  atomic  weight  determinations,  iL, 

503 
Stassfurt;  beds  of  potassium  chloride,  i. 

T»,  94 
Steel,  its  manufacture  in  Styria,  ii.,  41 ; 
distinguished  from  iron,  59,  05 ;  defi- 
nition of,  65 ;  mode  of  t«mpcring,  66 ; 
ancient  and  mwlcm  writers  on.  GO  ;  ce- 
mentation melhol  of  preparing  cast- 
steel,  07  ;  fu!iibility  of,  OS ;  annlyscs 
of  cementation  st**!,  iV*. ;  bli«!ter  steel, 
08 ;  east-steel,  tW ;  Siemens-Martin  pro- 
cess, 77 — 81 ;  Pernot's  revolving  hearth, 
fil  :  Wiiotz,  or  Indian  sti'el,  82 ;  pnj- 
IHTties  of  steel, ih,  ;  effect  of  teniiH-ring, 
83 ;  Damascening,  il>. ;  case-hardening, 
Hi.;  tiuagstcn  steel,  3ir2 
Stereotyping,  vae  of  fusible  metal,  ii., 

334 
Stiliine,  ii..  309 
Rtibuite,  ii.,  302 
Storer  and  Elliot ;  researches  on  manga- 

nates,  ii.,  20 
"  Strass  "  (g\ast).  i..  466. 488 
Slream-tin,ii.,  231,243 
Stromeyer ;  liis  dincovery  of  cadmium,  i,, 

265 :  Turkey-red  dyeing,  ii.,  171 
Strontium ;   its  history  and  sources,  i., 
213  :  preparnlion  of  the  mrtnl.  Hi. ;  its 
saltH,  215 ;  detection  and  estimation  of, 
217 ;  atomic  weight,  218 
Strontium  and  oxygen,  i.,  214 
Stnmtiimi  carbonate,  i.,  210 


Strontium  chloride,  i.,  215 

Strontium  dioxide,  i.,  215 

Strontium  ferrocyanide,  ii.,  108 

Strontium  monoxide,  i.,  214 

Strontium  nitrate,  i.,  210 

Strontium  sulphate,  i.,  215 

Styria,  its   spathosc    iron   ore,   ii.,    41 ; 

manufacture  of  Styrian  steel,  iA. 
Sugar  refining,  compound  of  ferric  hy- 
droxide with  sugar,  ii.,  89 
Sulphates,  i.,  SO 
Sulphides,  i.,  53 
Sulphites,  i.,  51 
Sulpho-»>,ilts,  i.,  53 
Sulpliotungst^ites,  ii.,  216 
Sulphur  and  antimony,  ii.,  320 
Sulpliur  and  barium,  i.,  227 
Sulphur  and  bismuth,  ii.,  341 
Sulphur  and  calcium,  i.,  210 
Sulphur  and  chromium,  ii.,  180 
Sidphur  and  roljalt,  ii.,  140 
Sulphur  and  copper,  i.,  343 
Sulphur  and  gold,  ii.,  386 
Sulphur  and  iridium,  ii.,  448 
Sulphur  and  iron,  ii.,  117 
Sulphur  and  lead,  i..  296 
Sulphur  and  mercury,  i.,  409 
Sulphiu-  and  molybdenum,  ii.,  183 
Sulphur  and  nickel,  ii.,  153 
Sulphur  anil  niobium,  ii.,  357 
Sulphur  and  osmium,  ii.,  403 
Sulphur  and  iwUadium,  ii.,  431 
Sulphur  and  potajwium,  i.,  97 
Sulphiu-  and  rhodium,  ii.,  437 
Suljiliur  and  ruthenium,  ii.,  456 
Sulphur  and  silver,  i.,  380 
Sulphur  and  sodium,  i.,  154 
Sulphur  and  tantalum,  ii.,  353 
Sulphur  and  tin,  ii.,  25<3 
Sulphur  and  titanium,  ii.,  204 
Sulphur  and  tungsten,  ii.,  215 
Sulphur  and  uranium,  ii.,  327 
Sulphur  and  vanadium,  ii.,  297 
Sulphur  and  zirconium,  ii.,  271 
Sulphur  group,  elements  of  the,  ii.,  420 
Sulphur  in  pig-iron,  ii.,  70 
Sulphur,  liver  of,  i.,  100 ;  ii.,  380 
Sulphuric  arid,  K<iparation  of  gold  from 

silver  by,  ii.,  300 
,Sun,  mi'taN  in  its  atmnspliere,  ii.,  468 
Superphosphate  of  lime,  i.,  206 
Sutter;   his  discovery  of  gold  is  C>U> 

fnruia,  ii.,  301 
Sweden,  manufacture  of  nitre  in.  i..  70; 

meteoric  irfiu  dust  in.  ii.,  29;  charrual 

pig-iron,    70;  analyses  of   native  bi»- 

muth,  333 
Switzerland  ;  mannfactoro  of  nitre  in,  L, 

79 
Syepoorite,  ii.,  140 
Sympathetic  inks,  ii.,  129 


Taui  f.  of  the  natural  Bmngomcni  of  the 

elemi>nts,  ii.,  507 
Tachemu.i ;  normal  potassiom  stilpbktcy 
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Tiicliliy(lrit«>,  i.,  242 

Thallium  monoxide,  i.,  301                                      ^^^^^H 

Tulbot,  H.  Fux;  upoctrum  of  strontium. 

Thallium,  phosptrnten  of,  i.,  305                             ^^^^H 

i.,  21'! ;  »ptctriim  ounlyais,  iL,  •1(38 

Thallium  trirhloride,  i.,  306                                    ^^^H 

Tiimm,  Hugo ;  his  mi-tliwl  o£  |itcpariiig 

Thallium  trioxide,  i.,  3i)2                                         ^^^^H 

uietullio  nuogaucse,  ii.,  3 

^'liallium  trisulphide,  i.,  307                                    ^^^^^H 

TontttInte«,  ii,  350 

Xhinard  ;  poto-viium,  i..  50, 61 ,  65  ;  potns-            ^^^^H 

Ttuitalic  acid,  ii.,  350 

aamide.  UXI ;    metallic    soilium,    li>4;                  ^^H 

Tantalitp,  aualyiu-s  of,  ii.,346 

ammonium    dalts,    154,    173)    fciluua                  ^^H 

Tantalum,  ii.,  344— 3.')3;  its  bi«tory,345  ; 

chloride,  ii.,  02                                                   ^^^^^^| 

analyses  of  tontnlitr,  34(1 ;  of  rolumbitc, 

Th^nard's  blue,  ii.,  133                                           ^^^^H 

347;    of   pyroclilor,   ih.\    hnloid  com* 

Theophra.<ftus ;  magnetite,  iL,  M                         ^^^^^| 

pounds,  351:  detection  and  ostiniatiua 

Thioantimoniteo,  ii,  322                                           ^^^^H 

of,  35i ;  atomic  weight,  3.'>3 

Thiost.inuic  acid,  ii.,  252                                        ^^^^^H 

Tantalum  and  nitrogen,  ii.,  352 

Thiosuiphates,  i.,  r,-2                                              ^^^H 

Tantalum  atxl  oxygen,  ii.,  319 

Thomas  and    Gilchrist ;   elimination    of            ^^^^^H 

Tantalum  nud  su[|ihtu',  ii.,  3oJ 

pbosphonu  in  the  Besiiemer  proce.-ui,           ^^^^H 

Tantalum  chloride,  ii.,  351 

^^^1 

Tantalum  Ijydn.iiile,  U.,350 

Thoria,  ii.,  273                                                     ^^^H 

Tantalum  [jeiitaliromicle,  ii.,  351 

Thorium,  ii.,  272—276:   rompnsition  of           ^^^^H 

Tantaltun  j)eutufluoride,  ii.,  331 

the  mineral  in  different  loculities,  273 ;            ^^^^^^ 

Tantalum  ijeiituxide,  ii.,  341) 

detection    aud     estimiitiuu     of,    J75 ;           ^^^^^| 

Tantuliun  tetronulphiile,  ii.,  352 

weight,  276                                                ^^^^^| 

Tanlalmn  U-troxide,  ii.,  34» 

Thorium  clduride,        274                                        ^^^^^^| 

Tai>-cinder,  analysid  of,  ii.,  63 

Tlioriuiu  fluoride,       274                                      ^^^^^^M 

Tartar-emetic,  ii .,  3iXl ;  it«  medicinal  URen, 

I'hurium  nitrate,        275                                          ^^^^^^| 

320  :  poisonous  effcct.i,  ili. 

Thorium  oxide,        2i3                                            ^^^^^| 

Tartrate  of  antimony  and  potassium 

ii.. 

Thorium,  salts  of,  ii.,  274                                       ^^^^H 

310 

Thorium  sulphate,  ii.,  275                                       ^^^^^H 

Ten,  rubidium  in,  i.,  186 

Thoriiun  sidphide,       275                                     ^^^^^| 

Temperiug  of  »teel,  ii.,  S3 

Thorwaldsen's     ijliepbtrd,     analy>is     of            ^^^^H 

Tenuaut,  .SiniUison ;  iridium,  ii.,  436 , 

oe- 

statue,                                                                      ^^^^H 

mium,  43tj 

Tiu  group  of  metnls,  i.,  23 ;  !i.,  230—270  ;            ^^^^| 

Tennessee,  meteoric  iron,  ii.,  29 

its   history,  23(1;   chief  ores  of,  231;             ^^^^H 

Terbium  oxide,  i.,  433 

metallurgy  of,  ih. ;  properties  and  uses            ^^^^H 

Teibium  sulnhttte,  i.,  434 

of,  230 ;  alloys  of,  237  ;    pi'Vttr,   i'>. :            ^^^H 

Tetrn-hydrogcn    caldiun    phosphate 

i-, 

soldi  r.  il<. ;  copper  tin  alloys.  23.'^ ;  pm-             ^^^^H 
met;il,  ih.;  sp<.H.-ulum  mcbd,  il'.-.MU           ^^^^H 

2110 

Thallic  chloride,  i..  306 

metal,  ih. ;  bronze,  I'A. ;  phosphor-bronze,             ^^^^H 

•ninllic  rom|Kiunds,  i..  3*16 

ih. :  analyses  of  alloys,  230  ;  detection             ^^^^H 

Thallic  nitrate,  i.,  8tJ7 

and  estimation  of,  253  ;  atomic  weight,            ^^^^H 

Tlmllic  Bulphflte,  i.,  307 

2&;                                                          .^^H 

Th.illic9uliihide,i.,3i»7 
TlialliouK  bromide,  i.,  303 

Tin  amalgam,  ii.,  230                                            ^^^^H 

Tiu  aud  oxygen,  ii.,  341                                        ^^^^^| 

Tliftlliouscarlionftte,  i.  305 

Tm  and  phosphorus,  ii.,  252                                    ^^^^^| 

Tlmllious  chlorate,  i.,8f.i4 

Tin  auil  sulphur,        2.'>U                                          ^^^^^M 

Tliallious  chloride,  i.,  303 

Tin  ilibronude,  ii.,  242                                             ^^^^M 

Ttiallious  compounda,  i.,  303 

Tin  dichluride,  ii.,  24J                                          ^^^^^H 

Thallious  fluoride,  i.,  *>! 

Tin  ditluoriile,  ii.,  243                                           ^^^^H 

Tlialliouf*  iodiile,  i.,  3«« 

Tin  di-iodide,  ii.,  243                                            ^^^^H 

ThnlHou-s  uilrnle,  i.,  304 

Tin                 ii.,  243                                                  ^^^^H 

ThiilHous  ortluppliospliate,  i.,  305 

Tin  disulphide.  ii.,  251                                          ^^^^H 

TliaUious  perchlnrate,  i.,  3i>4 

Tin  monosulphide,  ii.,  250                                       ^^^^^H 
Tm  monoxide,  ii.,  241                                              ^^^^^M 

Thallious  Milplmte,  normal,  i.,  304 

Thallious  sulphide,  i.,  3IK) 

ii.,  242                                                         ^^^^H 

Thallium;  its   history,   i.,  300;  aourres. 

Tin  tetrnbromide,  ii.,  249                                         ^^^^H 

^^             ill. ;  prcpanitiou  of  the  nietid,  i^. ; 

do- 

Tin  tetrnchloride.  ii.,  247                                         ^^^^^H 

^^^           tevtiou  and  estimntiou  of,  3!I7 ;  atomic 

Tin  tetrafluoride.  ii.,  249                                         ^^^^H 

^^H            weight,  308 ;    termiHl   by   Dumas 

the 

Tin  tetra-i(xlide,  ii.,  249                                           ^^^^H 

^"            oniithoryncus    amongst*   the    metala, 

Tin-tree,  ii.,  230                                                         ^^^^1 

31 W 

Tinned  copper  veaelf  de«cribed  by  Pliny,           ^^^^H 

Tludlium,  aid  of  the  spectroscope  is 

iU 

^^^^1 

disix)very,  ii.,  465 

Tiustuue,                                                                    ^^^^^H 

Thallium-alum,  i.,  456 

Titnnates,  ii.,  2.50                                                      ^^^^H 

Thallium  and  oxygen,  i.,  301 

Titanic  a<'id,  ii.,  259                                               ^^^^H 

Thallium  cyanide,  i.,  3i>6 

Titanic  iron-ore,  ii..  259                                         ^^^^^H 

Thallium  hydrogen  fluoride,  i.,  304 

Titanium,  ii.,  255- 207;  detection  and M-           ^^^^H 

TImllium  hydroxide,  i.,  302 

timation  of,  305 ;  atomic  wriglit,  266 ;           ^^^^^| 

Thallium  monocldoride,  i.,  31^ 

its  position  amoug  the  metal.i,  267                     ^^^^^| 
Titoumm  and  nitrogen,  ii.,  2lM                             ^^^^^H 

Thallium  mouosulphidc,  i.,  3O0 
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TUaniiua  anrl  oxygen,  ii.,  256 
TitAuiiim  and  sulphur,  ii„  2(H 
Titauiiiiu  cynaoiiitriJt,  ii.,  205 
Titiinium  dichioridc,  ii.,  2(J0 
TiUuiium  liiuxidi-,  ii.,  250 
Titauium  disulphatc,  ii.,  203 
TiUiuium  oxychloridt',  ii.,  2(J2 
TilHiiiuin  phiisphatp,  bofiii',  ii.,  263 
Titanium,  salts  of,  ii.,  2W 
Titanium  M?s4)uicldoridf,  ii.,  200 
Titanium  ftcsquiuxidp,  ii.,  25d 
Titijiuiitni  s*^Mi]uisnlpliritf,  ii.,  203 
Titanium  Kulplmto,  hiksic,  ii.,  203 
Titanium  xulpliide,  ii.,  2(14 
Titanium  trtrabromide,  ii.,  203 
Titanium  ttrtrac-hloride,  it.,  2(11 
Titaniuni  tctmttuoridc,  ii.,  202 
Titanium  titraiodide,  ii.,  202 
Tuboroo,  rubidium  iu.  ii..  100 
Tumba(.'k    or    Toug-paok,    an    alloy    of 

nickel,  ii.,  140 
Topms,  i.,  4,1* 
Toiighea(>d  glam,  i.,  4SI> 
"  Tougb-pilcli,"  iu  copper    smeltiag,    i., 

315 
Transylvania,  gold    Diiues    in,  ii.,    300, 

301 
Trimercuric-diaminc,  i.,  412 
Trillin,  the  native  carbonate  of  soila,  i., 

133,  131 :  auiuvcs  of,  153 
Troost :  metallic  zircouiuiu,  ii.,  207 
Tungatates,  ii.,  21)9 
Tuug>tiit<« :  compouuda  of,  witli  tungsten 

dioxide,  ii.,  213 
Tuugsttu,  ii.,  201—217;  dctcwtion  and 

rsticmitiou  of,    210;    atomic    weight, 

217 
Tungaten  and  bromine,  ii..  2n8 
Tuugnteu  and  cliluriae,  ii.,  2(12 
Tung«t«n  uid  lluorim>.  ii.,  2U7 
Tnngateu  anil  iodine,  ii.,  2"7 
Tungsten  and  nitrogen,  ii.,  210 
Tungsten  and  oxygi'n,  ii.,  207 
Tungat4>u  and  phoapborus,  ii..  210 
Tnng«ten  and  Kulpliur,  ii..  215 
Tungsten  dibronude,  ii..  2<HJ 
Tungsten  dicitloride,  ii.,  2"2 
Tungsten  di-iodide,  ii.,  207 
Tungsten  dioxide,  ii.  207 
Tungsten  dinxychloride,  ii.,  205 
Tungsten  disulphide,  ii..  215 
Tungsten  lipichloridc,  li.,  204 
Tungsten,  metallic,  ii.,  2tll 
Tungsten  niouuxychloride,  ii.,  205 
Tiugsten  oxybrumides,  ii.,  200 
Tungsten  oxycblorides,  ii.,  20.'> 
Timgstcn  pentabnimide,  ii..  200 
Timgsten  peiitachloridc.  ii.,  203 
Tungsten-potuxaium  bronze, ii.,  213 
Timgsten -8<Mlium  bronae,  ii.,  213 
Tungsten  stexd,  ii.,  202 
Tungsten  tetrachloride,  ii.,  203 
Tungsten  trioxide.  ii.,  208 
Tungsten  trisulpltide.  ii.,  215 
Tungstic  acids,  li..  209.  210 
Tuogstoailiric  acids,  ii.,  214 
Turkev-reii  dyeing,  ii.,  171 
Tumbull's  bine,  ii.,  112,  113 
Turner's  yellow,  i.,  2S8 


Type-metal,  Englisli,  analyses  of,  ii.,  30? ; 

Uirman,  ib. 
Tyrol,  tlie,  gold  in,  ii.,  301 

U. 

TTltravakisk,  i.,  45S 

Undiscovered  elements,  existence  of,  514 

Vral  muuntiuus :  gold  mines  in  tlie,  ii., 
301 ;  analysis  of  native  gold,  30.5  ;  (lis- 
covery  of  platinum,  389 ;  expedition  of 
Humboldt,  Kose,  and  Klirenberg,  •*  .; 
analysis  of  platmum  ores,  301 

Urnmites,  ii.,  226 

Vranic  cumpoimds,  ii.,  323 

1'ranic  bydrate,  ii.,  223 

Uranic  oxide,  ii.,  223 

Uranic  sulpliide,  ii.,  228 

Vniniuni,   ii.,  217—229;    detection   and 
estimation    of,  22»;    atomic    weiglil 
229 ;  its  position  luuuogst  tliv  element*,  ^ 
ill. 

tTiouium  and  oxygen,  ii.,220 

X'rnniiim  and  sulphur,  ii.,  227 

t'runiuu),  black  oxide  of,  ii.,  222 

Uranium  dioxide,  ii.,  22') 

Uranium,  green  oxide  of,  ii.,  222 

Uranium,  its  extraction  from  pitchblende, 
ii.,  21» 

Uranium,  metallic,  preparation  of,ii.,  219 

Uranium  oxybrumiile,  li.,  224 

Uranium  oxycliloride,  ii.,  224 

Uranium  oxyfluoride,  ii.,  224 

Uranium  pentacliloride,  ii.,  222 

Uranium  peutoxide,  ii.,  222 

Uranium  si-aquioxide,  ii.,  221 

Uranium  tetrabroniide,  ii.,  221 

Uranium  tetrachloride,  ii.,  22(J 

Uranium  tetrattuoride,  ii.,  221 

Uranium  tetm-io<lide,  ii..  221 

Uranium  tetroxide,  ii.,  227 

Uranous  chloride,  ii.,  220 

Urnnoso-uranic  cvmipounds,  i].,  223 

Uranous  compounds,  it,  220 

Uranous  fluoride,  ii.,  221 

Uranous  hydroxide,  ii.,  220 

T'raoous  sulphate,  ii.,  223 

Uranous  sulphide,  ii..  227 

Uranyl  ammonium  ]iho4phate,  ii.,  235 

I'ranyl  arsenates.  ii„  225 

l"ranyl  bromide,  ii.,  224 

Uranyl  carbonates,  ii..  225 

Uranvl  chloride,  ii.,  224 

T'raayl  Ouuride,  ii.,  I'ii 

Uranyl  nitrate,  ii..  225 

T'ranyl  oxide,  ii,,  223 

T'ranyl  phosphati-s,  ii.,  225 

Uranyl  sulphate,  ii.,  221 

Uranyl  sulphide,  ii.,  228 

Urao,  native  curUmate  of  soda,  i.,  131 


VAi.Kvrrxi'.,  Bash;  constitution  of  salts, 
i..  35;  volatile  sulphiilca  of  ammonia, 
185 ;  zinc,  251  ;  zinc  stilphate,  301  ; 
on  loadstone,  it..  2:  str'el,  00;  grmn 
\itriol,  94 ;  coital t,  120 ;  antimony,  301, 
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302,  303,  307,  311,  314,  316,  330,  324, 
226;  bismuth,  330;  fulminatiiig  gold, 

378 

Valeatinite,  ii.,  311 

Vanadates,  ii.,  284 

Yanadic  acids,  ii.,  284 

Yanadious  oxide,  ii.,  290 

Vanadium,  ii.,  277 — 300;  history  of  its 
discovery,  277;  metallic,  its  prepara- 
tion, 279 — 282 ;  detection  and  estima- 
tion of,  298 ;  atomic  weight,  300 

Vanadium  and  bromine,  ii.,  296 

Vanadium  and  chlorine,  ii.,  293 

Vanadium  and  fluorine,  ii..  296 

Vanadium  and  nitn^en,  ii.,  298 

Vanadium  and  oxygen,  ii.,  282 

Vanadium  and  sulphur,  ii.,  297 

Yana>iium  bronze,  ii.,  284 

Vanadium  compounds,  extraction  and 
preparation  of,  ii.,  278 

Vanadium  dichloride,  ii.,  294 

Vanadiimi  dinitride,  ii.,  298 

Vanadium  dioxide,  ii,,  289 

Vanadium  mononitride,  ii.,  293 

Vanadium  monoxide,  ii.,  289 

Yamuiium  oxychloride,  ii.,  295 

Vanadium  pentasulphide,  ii.,  297 

Vanadium  pentoxide,  ii.,  283 

Vanadium  tetrachloride,  ii.,  294 

Vanadium  tetrasulphide,  ii.,  297 

Vanadium  tetroxide,  ii.,  291 

Vanadium  tribromide,  ii.,  296 

Vanadium  trichloride,  ii.,  294 

Vanadium  trioxide,  ii.,  290 

Vanadyl  salts,  ii.,  283 

Vanadyl  sulphate,  ii.,  2S3 

Vanadyl  tribromide,  ii.,  296 

Vanadyl  trichloride,  ii.,  295 

Vandermonde ;  on  iron  and  steel,  jj.,  66 

Vauquelin ;  chromium,  157 

Vcckerhagen ;  gases  in  blast-furnace  for 
smelting  iron,  ii.,  55 

Venetian  white,  i.,  294 

Vesuvius ;  sal-ammoniac  in  its  fumeroles, 
i.,  175 

Vienna  porcelain,  i.,  494 

Villafranca,  Blasius ;  saltpetre,  i.,  80 

Vinegar,  ancient  references  to,  i.,  32 

Virgil,  his  notice  of  ferric  oxide,  ii.,  87  , 

Vitriol,  green,  ii.,  93—96 

Yolatile  alkali  (ammonia),  i.,  173 


"VV. 

■Wales  ;  gold  in,  ii.,  361 

AVanklyn ;  iron  and  hydrogen,  il.,  84 ; 

ferrous  iodide,  93 
TVater,  action  of  lead  upon,  i.,  295 
Waters,  mineral ;  the  source  of  rubidium 
and  Ciesinm  compotrnds,  i.,  166 ;  thal- 
lium in,  300 
Watson,  William ;  native  platinum,  ii., 

888 
Wober,  R. ;  metastannic  acid,  ii.,  246 
Weight,  atomic,  of  metals,  i.,  14—16 
Weights,  atomic  (see  Atomic  Weights) 
Welding  steel,  manufacture  of,  ii.,  68 
Weldon,  Walter ;  his  process  for  the  re- 


generation of  manganese  dioxide,  ii., 
15 

Wet  copper  extraction  process,  i.,  321 

Wheat8t<me,  Sir  C. ;  spectnun  analysisj 
ii.,469 

White  cast-iron,  ii.,  56,  57 

White  lead,  i.,  292 

White,  or  anti-&iction  metal,  analyses  of, 
ii.,  308 

Whit  worth.  Sir  Joseph  ;  improvements, 
in  steel-making,  ii.,  80 

Wibel ;  ferric  oxide,  ii.,  87 

WilUamaon's  blue,  ii.,  113, 114 

Window  glass,  i.,  466,  469 

Winkler ;  smelting  and  luea  of  bismnth, 
ii.,330 

Winsford,  salt-bed  at,  i..  110 

Winterl ;  potassium  chlorate,  i.,  70 

Wohler ;  ferrous  chloride,  ii.,  92 ;  extrac- 
tion of  uranium  from  pitchblende, 
218 ;  discovery  of  vanadium,  227 ;  pre- 
paration of  metallic  antimony,  305 

Wolfram ;  the  lupi  spuma  of  Agricola,  ii., 
201 ;  source  of  the  tungsten  com- 
pounds, 201, 232 ;  mixed  with  tin,  235 

Wolframine,  ii.,  208 

WoUaston;  discovery  of  palladium,  ii. 
423 ;  of  rhodium,  432 

Wood-charcoal  furnaces  for  smelting  iron, 
ii.,55 

Woodcuts,  use  of  fusible  metal  in  malring 
casts  from,  ii.,  334 

Wood-tin,  ii.,  243 

Wood's  metal,  analysis  of,  ii.,  334 

Wool,  sheep's,  preparation  of  potashes 
from,  i.,  77 

Wrought-iron,  ii.,  31,  32, 35 ;  its  produc- 
tion from  cast-iron,  59 ;  properties  of, 
65 

X. 

Xaktho-codaitic  chloride,  ii.,  139 
Xantho-cobaitic  salts,  ii.,  139 


Yellow  chromate  of  potash,  ii.,  170 

Yellow,  Turner's,  i.,  286 

Ytterbium,  preparation  of,  i.,  423, 424  -, 

ndts  of,  ib. ;  aid  of  the  spectroscope  in 

its  discovery,  ii.,  465 
Yttrium,  i.,  424 
Yttrium  carbonate,  i.,  425 
Yttrium  chloride,  i.  424 
Yttrium  fluoride,  i^  424 
Yttrium  nitrate,  i.,  425 
Yttrium  orthophosphato,  i.,  425 
Yttrium  oxide,  i.,  424 
Yttrium  sulphate,  i.,  424 
Yttrium  sulphide,  i.,  425 
Yttrotantalite,  analysis  of,  ii.,  343 


Z. 

ZETHiow ;  chromium  trioxide,  ii.,  1S9 
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Zinc;  it*  history,  i^  250;  nneltijDg  and 
preparation  of,  253 ;  ita  propertiea,8S6; 
■alta  of  zinc,  259 ;  detection  and  eati* 
mation  of,  264 ;  atomio  weight,  265 ; 
Belgian  prooeaa  of  preparmg,  251; 
Sileaian  process,  255 

Zinc  and  oxygen,  i..  258 

Zine  bromide,  i.,  260 

Zinc  carbonate,  normal,  i^  263 

Zinc  chloride,  i.,  259 

Zinc  chiomates,  ii^  174 

Zinc  chiomite,  ii.,  162 

Zinc  diamine,  i.,  263 

Zine  ferrocyanide,  ii.,  109 

Zinc  fluozyvanadate,  ii.,  297 

Zinc  hyroxiile,  i.,  259 

Zinc  iodide,  i.,  261 

Zinc  nitrate,  i.,  262 

Zinc  nitride,  i.,  364 


Zino  oxide,  u,  2SS ;  ii.,  90 

Zine  pentasnlphide,  i.,  263 

Zine  phosphide,  i.,  264 

Zinc  sulphate,  i.,  261 

Zne  sulphide,  i.,  263 

Zineamide,  i.,  263 

Zirconates,  ii.,  269 

Zirconia,  ii.,  268 

Zirconium,  ii.,  267—272;  detection  and 

estimation    of,   271;   atomic   weight, 

272 
Zirconinm  and  snlphnr,  ii.,  271 
Zirconium  bromide,  ii.,  269 
Zirconium  cliloride,  ii.,  269 
Zirconium  fluoride,  ii.,  270 
Zirconium  nitrate^  ii.,  270 
Zirconium  oxide,  li.,  268 
Zirconium,  silicates  of,  ii.,  270 
Zirconium  sulphate,  ii,.  270 
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"Of  the  695  papea  constituting  this  first  inoictT  of  the  tliird  and  la.it  volume  of 
Roscoe  and  Scliorleiunier's  new  chemical  text-book  no  less  than  190  are  occupied  with 
the  diiicussion  of  the  methods  and  the  philosophy  of  the  sulijcct.  The  sjatcmntic  de- 
scription of  individunl  organic  compounds — their  occurrence,  their  production,  their  prop- 
crtiex,  and  their  reactiona — begins  with  the  methyl  group,  and  then  proceeds  ibroagh 
nineteen  section.',  or  270  numl)cred  paragraphs.  In  these  we  are  presented  with  wcU- 
digcsted  account?  of  bodies  coiitiiining  from  one  to  twenty-four  atoms  of  cnrt)on ;  the 
aromatic  serieK,  and  those  compounds  which  have,  up  to  the  present  time,  eluded  elassi- 
fication,  partially  or  wholly,  beiue  reserved,  wc  presume,  for  the  second  and  concluding 
portiou  of  the  final  installment  of  the  work  before  us.  It  is  difficult  to  praise  too  highly 
the  selection  of  materials  and  their  arrangement,  or  the  wealth  of  illustrations  which 
explain  aud  adorn  the  text.  In  its  woodcuts,  in  its  technological  details,  in  its  historical 
notices,  in  it«  references  to  original  memoirs,  and,  it  may  be  added,  in  its  clear  type, 
smooth  paper,  and  ample  margins,  the  volume  under  review  presents  ma«t  commendable 
features.  Whatever  tests  of  accuracy  as  to  figures  and  facts  we  have  be<>n  able  to  apply 
have  been  satisfactorily  met,  white  in  clearues.s  of  statement  this  volume  leaves  nothing 
to  be  desired.  Moreover,  it  is  most  satisfactory  to  find  that  the  progress  of  this  valu- 
able work  toward  completion  is  so  rapid  that  its  beginning  will  not  have  become  anti- 
quated before  its  end  has  been  reached — no  uncommon  occurrence  with  elaborate  trcatisesl 
on  natural  science  subjects." — LanJon  Acadmij/. 

"The  authors  are  evidently  bent  on  making  their  book  the  finest  systematic  treatisA 
on  modem  cliemi.itry  In  the  KngUsh  language,  an  airn  in  which  they  are  well  seconded  by 
their  publishers,  who  spare  neither  pains  nor  cost  in  illustrating  and  otherwiae  aetlitig 
forth  the  work  of  these  distinguiBhc<i  chemists." — London  Athentrum. 

"  It  has  been  the  aim  of  the  authors,  in  writing  their  present  treatise,  to  place  befora , 
the  reader  a  fairly  complete  and  yet  a  clear  and  succinct  statement  of  the  facts  of  Mod< 
ern  Chemistry,  while  at  the  same  time  entering  so  far  into  a  dipcusslon  of  chemical  theory 
as  the  siic  of  the  work  and  the  present  transition  state  of  the  science  will  permit. 

"  Special  Bitcntion  has  been  paid  to  the  accurate  description  of  the  more  important 
prooe.^ses  in  technical  chemistry,  and  to  the  careful  representation  of  the  most  approved 
forms  of  apparatus  employed. 

"  Much  atti'ntioo  has  likewise  been  given  to  the  representation  of  apparatus  adopted 
for  Icclure-ronm  experiment,  and  the  numerous  new  illustrations  required  for  this  pur- 
pose have  all  been  taken  from  photographs  of  apparatus  actually  in  use." — Extract  from 
jy^faet.  

Tlic  above  will  be  sent  by  mail,  post-paid,  to  any  address  in  the  United  States,  upon 
receipt  of  price.  
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In  one  Urge  8vo  volume  of  1,834  pages,  with  136  Illottratioiu,   Half  moroooo, 
price,  $8.00.    Bold  only  by  Babicrlption. 


This  work  is  primnrily  a  Dictionary  of  Medicine,  in  which  the  several  disea 
are  fully  discussed  in  aljihabeticjil  order.  Tlie  description  of  e.ich  includes  an  ac- 
count of  its  etiology  and  anatomical  characters ;  its  oymptoms,  conrse,  dnratioo, 
and  termination;  its  diagnosis,  prognosis,  and,  lastly,  \%a  treatment.  General 
Pathology  comprehends  articles  on  the  origin,  chnroctcrs,  and  notore  of  disease. 

General  Ther.ipeutics  includes  articles  on  the  several  classes  of  remedies, 
their  modes  of  action,  ond  on  the  methods  of  their  use.  The  articles  devoted  to 
the  subject  of  Hygiene  treat  of  the  causes  and  prevention  of  disease,  of  the 
agencies  and  laws  affecting  public  health,  of  the  means  of  preserving  the  health 
of  the  individual,  of  the  construction  and  management  of  hospitals,  and  of  the 
nursing  of  the  sick. 

Lastly,  the  diseases  pecnliar  to  women  nnd  children  are  discussed  under  their 
respective  headings,  butli  in  aggregate  and  in  detail. 

"A  goodly  volume  of  an  extremely  interesting  and  important  character.  Dr.  Qoiud 
has  BucctcJcd  in  brinpiiji;  together  and  conducting  a  work  nun)f>ering  a  body  of  contrib- 
utors of  whose  co-operation  any  editor  might  fcol  prouii,  and  whose  combined  work  couM 
not  fail  to  produce  a  l>ook  of  the  hi|;he9t  authority  and  pnictical  value.  It  is  noticeable 
that  the  most  recent  question?  are  dealt  trith,  and  arc  all  treated  according  to  the  moit 
recent  researcbci  and  knowledge" — Sritiih  ilediail  Journal. 

"  This  new  Medical  Dictionary  contains  an  immense  mats  of  information,  the  aggregate 
value  of  which  it  is  difEcuU  to  estimate,  but  which  may  fairly  be  expected  to  satisfy  tha 
most  industrious  student  of  medical  science.     A  very  wide  and  liberal  mcaninp  ha«  bceol 
given  to  the  word  Medicine.     To  the  general  practitioners  we  can  most  heartily  recoro-l 
mend  the  worlc ;  and  it  will  find  many  renders  outside  the  pale  of  the  medical  profcS'  { 
sion.      It  should  have  a  place  in  at  least  every  pubUc,  if  not  in  every  good  privab 
library." — Saturdai/  Jieriae. 

"  Tlic  articles  we  have  read  have  struck  us  as  models  of  clear  and  flncnt  scicntifla 
English.  The  volume  contains  many  articles  on  matters  of  general  interest  to  the  public 
at  large,  though  not  less  important  on  that  account  to  the  practitioner." — LonJon  Spectator, 
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IMPORTANT  WORKS  ON  ELECTRICITY. 


THE  MODERN  APPLICATIONS  OF  ELECTRICITY. 

By  £.  HospiTALiXB.  Translated  and  enlarged  by  Julias  Maier,  Fh.  D.  With  170 
Illustrations.     8to.     Cloth,  $4.60. 

"  M.  Hwpltaller  dlstlngnlshen  three  sonrcea  of  electricity,  namely,  the  decompo? Itlon  of  metals 
or  other  decomposable  bodleti  fu  acid  or  alkalloe  solations,  the  trsiisformatldD  of  beat  into  elec- 
trical energy,  and  lastly  the  coDreniion  of  work  into  carrent — giving  rise  to  the  three  ppeciflc 
modes  of  mrce  styled  respectively  galvanism,  thermo-electricity,  and  dynamic  electricity.  He 
gives  a  hiptory  of  the  progress  of  each,  from  the  first  cmde  constructions  of  the  pioneer  to  the 
utcst  and  most  perfect  form  of  battery,  thus  furnishing  the  student  of  science  with  a  §ujflcienlly 
copious  text-book  of  the  subject,  while  at  the  same  time  affording  to  the  electrical  engineer  a 
Taluable  encyclopedia  of  his  profession.  The  work  presents  a  most  UEcfnl  and  tboitmgh  com- 
pendlam  of  the  principles  and  practice  of  electrical  engineering,  written  as  only  an  expert  can 
write,  to  whom  the  sbstruse  by  long  study  lias  become  simple.  The  transhitor  has  acted  the  part 
of  an  editor  also,  and  has  added  considerable  material  of  value  to  the  original  text.  His  account 
of  the  B.lison.  Fox,  and  Brush  systems  of  lighting,  for  example.  Is  more  complete  thsn  that  of 
M.  Hospltalicr  In  his  second  edition.  Ho  has  also  added  full  descriptions  of  tne  lire-damp  indi- 
cators of  Liveling,  Sourz^,  and  Mounter;  of  Bright's  fire-alarm  and  district  telegraph,  and  of 
Dolbear*s  telephone,  and  Kelway's  electric  log,  together  with  other  recent  inventions  not  men- 
tioned in  Hospitaller's  treatise,  exhaustive  and  excellent  as  it  Is."— JVeio  York  IHmei. 

"To  one  who  wishes  to  understand  the  rationale  of  electric  science,  and  the  methods  by  which 
the  numerous  results  are  accomplished,  the  work  will  be  welcome." — Chicago  Tribune. 

"  The  vast  advance  made  within  the  past  few  years  In  electrical  science  gives  great  Interest  to 
a  work  as  complete  and  anthorltative  as  the  one  before  ne."— CYndnnofi  Dauy  Uauttt. 

"  A  very  stimulating  and  fascinating  treatise."— PAUads/pAia  Prtat. 

A  PHYSICAL  TREATISE  ON  ELECTRICITY  AND  MAGNETISM. 

By  J.  E.  n.  GoBDON,  B.  A.,  Assistant  Secretary  of  the  British  Association.  2  vols., 
8vo,  with  about  200  full-page  and  other  Illustrations.    Cloth,  17.00. 

"There  is  certainly  no  hook  In  English— we  think  there  is  none  In  any  other  language— which 
covers  quite  the  same  ground.  It  records  the  most  recent  advances  In  the  experimental  treatment 
of  electrical  problems,  it  describes  with  minute  carefuluess  the  Instruments  and  methods  In  use 
iu  uhysical  latwmtnries,  and  is  prodigal  of  beantlfully  executed  diagrams  and  drawings  made  to 
scale.  '—London  Timet. 

"The  fandnmental  point  In  the  whole  work  Is  Its  perfect  reflection  of  all  that  Is  best  In  the 
modem  modes  of  regarding  electric  and  magnetic  forces,  and  in  the  modem  methods  of  construct- 
ing electrical  instruments."— £>i^n<erin9'. 

"  Too  great  praise  can  not  well  be  given  to  the  description,  illustration,  and  modes  of  tislng 
modern  instruments."— J5?«rfrleia«. 

THE  SPEAKING  TELEPHONE,  ELECTRIC  LIGHT,  AND  OTHER 
RECENT  ELECTRICAL  INVENTIONS. 

By  Georue  B.  Prescott.  New  edition,  with  200  additional  pages,  including  Illus- 
trated Description  of  all  of  Edison's  Inventions.  214  Illustrations.  8to. 
Cloth,  84.00. 

"  Mr.  Prescott's  work  on  recent  electrical  Inventions  being  American.  Is  naturally  largely  occu- 
pied with  the  results  of  Mr.  Edison's  resrarebes  and  the  work  of  other  distinguished  Americans, 
though  it  i»  by  no  means  limited  tj)  the  results  obtained  on  the  other  side  of  the  Atlantic.  It  Is  a 
magniflcentlv  illustrated  volnine,  nnd  is  the  mopt  complete  history  and  discussion  of  telephones 
ana  allied  instrnments  and  the  electric  light  which  haH  come  nnderonr  notice.  It  will  probably 
remain  a  tttnndard  work  until  the  progress  of  discovery  leaves  it  behind,  for  every  instrument  or 
which  It  treats  is  explained  so  fully  and  illustrated  so  well  that  there  is  hut  little  room  left  for 
Improvement.  For  the  student  and  all  who  have  sufficient  knowledge  or  Interest  in  the  suhject.  It 
will  be  a  valuable  magazine  of  iutoTmatloa."—Wettmimier  Beriew. 


For  tale  6y  all  boohtellers ;  or  sent  by  mail,  post-paid.,  on  receipt  of  price. 
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JOHN  TYNDALL'S  WORKS. 


Essays  on  the  Floating  Matter  of  the  Air,  in 

Relation  to  Putrefaction  and  Infection.     12mo.     Cloth,  tl.50. 

On  Forms  of  Water,  in  Clouds,  Rivers,  Ice,  and  Glaciers. 
With  35  Illustrations,     12mo.     Cloth,  $1.50. 

Heat  as  a  Mode  of  Motion.    New  edition.    i2mo.^ 

Cloth,  $2.00. 

On  Sound. '.  a  Course  of  Eight  Lectures  delivered  at  the  Royal 
Institution  of  Great  Britain.  Illustrated.  12mo,  New  edi- 
tion.    Cloth,  $2.00. 

Fragments  of  Science  for  Unscientific  People. 

12nio.     New  revised  and  enlarged  edition.     Cloth,  $2.50. 

Light  and  Electricity.    i2mo.   cioth,  $1.25. 
Lessons  in  Electricity,  i875-'76.   i2mo.   cioth,  $1.00. 
Hours  of  Exercise  in  the  Alps,    with  illustrations. 

12mo.    Cloth,  $2.00. 

Faraday  as  a  Discoverer,    a  Memoir.    i2mo.    cioth,] 
$1.00. 

Contributions  to  Molecular  Physics  in  the  Domain] 

of  Radiant  Ueat.     $5.00. 

Six  Lectures  on  Light.  Delivered  in  America  in  1873- 
'73.  With  an  Appendix  and  numerous  Illustrations.  Cloth, 
$1.50. 

Farewell  Banquet,  given  to  Professor  Tyndall,  at  Del* 
monico's.  New  York,  February  4,  1873.     Paper,  50  cents. 

Address  delivered  before  the  British  Association,  assembled  at 
Belfast.     Revised,  with   Additions,  by  the  author,  since  thej 
Delivery.     12mo.     Paper,  50  cents. 
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SCIENTIFIC  PUBLICATIONS. 


Ants,  Bees,  and  Wasps, 

A  Record  of  ObBcrrations  on  the  Habits  of  the  Social  nym^noptern.  By  SW  Joh.v 
LuBDocK,  Bftrt.,  M.  P.,  F.  R.  S.,  eto.,  author  of  *'  Origin  of  Civilization,  und  the 
Primitive  Condition  of  Man,"  etc.,  etc.     With  Colored  Plates.     12njo,  cloth,  $2.00. 

**  Thi*  Tolamo  codUIha  the  remrd  of  virfoas  cxperimrnU  made  nitb  aotA,  bceii,  and  wiuip«  duriiijf  Um 
last  ton  year*,  with  »  tlt^w  to  l«»l  llieir  menUl  ct>nditiou  nnd  powers  of  mdm.  Thi»  prlodpal  point  Id 
whtrb  t*lr  John's  raodo  of  expt* riment  dl(Tl>r«  from  tlitmo  of  Huber,  Forol,  McCook.  aad  olhfr*,  \a  that  he 
bM  carrfuIlT  watcbvd  uid  nivkrd  pftrttciilftr  ln»octA,  and  hiu  had  th«tr  DestA  undfr  observation  fur  long* 
P*riodi— on«  of  Us  acta'  u^stA  baring  \>ecn  under  constant  ln»pecUoD  ftvcr  »Uico  lb'4,  Tib  obsvimttons 
aro  made  priodpally  upon  anu  bocauao  they  tbow  more  power  acd  flexibility  ot  mind ;  and  Uio  value  of 
hlB  Btodiea  ft  that  they  belong'  to  tba  dcpaitinent  of  original  research.'^ 

"  We  have  no  hoaitattoit  In  laylnfr  that  tbo  author  haa  presented  ob  with  the  nrnst  valuable  series  of 
obvrvALlont  on  a  special  subject  tltat  has  ever  teen  produced,  oharadngly  written,  (bit  of  logical  deduo* 
tlouA,  and.  when  we  consider  bU  tuultttudlnons  cDKagements,  a  remarkable  IllustraUon  of  oeoDomy  of 
time.  As  a  cootilbatlon  to  laaoct  psydiok^gy.  It  wlU  be  long  before  this  book  floda  a  paraUel.**— Xc«l- 
don  Ath€tkMum. 


Diseases  of  Memory: 


An  Easa;  in  the  Positive  Psychology.     By  Tb.  Ribot,  inlhor  of  "  Heredity,"  eta 
Translated  from  the  French  by  WiLiiiM  HrsTrsoTox  Smrn.     12ino,  cloth,  |1.50. 

"M.  Ribot  rcducM  dlieuGS  of  memory  to  Uw,  Miil  hl>  trcttisa  U  of  atnoMlway  \aU:mt."—PMla- 
ittpMa  Prut. 

"  Not  mimlr  to  aelestUSo,  bat  to  an  thlnkliiir  mm,  this  Toltima  wUl  ptOT*  launscly  lotmstlsg.''— 
AWc  Turk  Ottener. 

"H.  Ribot  hu  britownl  th«  moat  ptlnataUng  attontlon  r]ion  bU  Uwms,  and  enm«nnu  enmplM  ol 
the  condltioDi  cooildend  gnatly  IncraaM  tb*  raluo  and  iBtatMt  or  lb*  toluaty—fhilaitttplUa  Xorth 
Amrrican. 

**  To  the  ir«nrnil  reader  the  woric  it  mwle  cDti*rtJiiDlnfc  by  many  Ulnetnitioni  ronnected  with  f  neb  oainM 
ai  Linna'os,  Nowton,  bit  Waiusr  Boott,  lloraoo  Vcrnut,  Oastavo  Dor^  aad  utany  otbew."— gqrrtoftmy 
TtUgrapA. 

"  The  whole  subject  la  (it«iont«d  with  a  Frenchman's  vivacity  of  style.'— i>wirfifnO'  JovrtnL 

"  It  It  not  too  much  to  uy  that  In  do  single  work  bare  so  many  curious  cases  been  broogbt  togatkai 
and  Interpreted  Id  a  eeicnuac  manner."— Ztwton  Sltfibtg  TVoMttsr. 


Myth  and  Science. 


By  Tito  Vionoli.     12mo,  cloth,  price,  11.60. 

"  nu  book  Is  In^nlout ;  ...  hit  Uieory  of  how  trleoco  irradnsJlT  dllfcrentUled  fW)m  and  eaaqiumd 
myth  Is  Bitremclr  well  wrought  out,  and  It  prolably  In  esscotuls  correcl."- Sofxn/oy  Ktruic. 

"The  tiook  It  a  »tronit  one.  and  f«r  more  InterMtlne  to  the  ireneml  reader  ihsn  its  title  would  indlcato. 
The  leamlDK,  the  ai-ulenes\  the  rtmng  reiiraning  power,  and  the  scleDtlllc  iplrit  of  the  sotbor,  comuiaad 
sdmlrsUon."— AVrt'  York  ChrUllan  Arfrncatr. 

-  An  sttempt  maiie,  with  mnrh  sblllty  and  no  small  messoro  ofaoeeiM,  toUace  the  origin  and  develup- 
ment  of  tlio  mylli.  The  lathnr  has  purra'Ml  his  Innulrj-  with  mnch  patlme*  aad  ingenuity,  ssd  has  pro- 
duc«l  a  very  readaWe  and  luminous  trcillw."- /WliofWpWo  \ctrtA  jimrrtem. 

"  It  Is  a  curious  If  not  stnrtling  contrlbuiton  both  to  psycboUigy  ud  to  the  early  blstorr  of  man's  (!•• 
T«lopm«it."— .iVflii  i'ork  Worid. 


For  tale  hy  all  hoolctellen  ;  or  tent  hy  mail,  pott-paid,  en  receipt  o/ price. 
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SCIENTIFIC  PUBLICATIONS. 


The  Brain  and  its  Functions. 

By  J.  LrTs,  Physician  to  the  Hospice  de  la  Salpfitriire.    With  Illajtrstionii 

12mo.     Clotb,  (1.60. 

" No  Uriiif;  plijalologtrt  ia  better  cDtltlcd  tn  tpenk  nllh  authurity  upon  tbo  etraclnri-'  nod  ftrno 
tloDf  ortho  brain  thuu  Dr.  Ldjb.  □!•  rtndlcs  on  Ibe  aniilomjr  of  the  nerrane  r3'8teni  arc  HOknowli 
edged  to  bo  tbe  fullest  and  moat  lyotcniatlc  CTer  undertaken.  Dr.  Luyo  etipports  his  coocluelon 
Dot  only  b;  bis  own  auatomical  rei>c8rcbe8,  but  alpo  by  man;  functioual  observationfl  of  rnrloa 
olbor  phyaiolo^sUi,  lucladlug  of  cuurse  Profeeear  Ferrier's  now  clasaical  ezperlmenta."— J 
Jamtt"!  Gazelt*. 

"  Dr.  LnyB.  at  Ibe  bead  of  tbe  great  Frencb  Insane  Asylam,  ia  one  of  tbe  moat  eminent  aod 
nccesafal  Inreatlgatora  uf  cerebral  acience  now  IItIoi;;  and  be  baa  glTCO  nnqiicttlonably  tbe 
clearest  and  most  iutercatlug  brief  account  yet  made  of  tbe  simcture  and  operations  of  the  brain. 
We  have  been  fkactiuted  by  this  volume  more  than  by  any  other  treatise  we  bave  yet  seen  on  tbe 
machinery  of  seissibllily  and  (lioucht ;  and  wc  have  licon  inntmctcd  not  only  by  roucli  that  Is  new, 
but  by  many  sagacions  practical  hiata  sucbaa  U  le  well  for  eveiybody  to  undereuind."— /'Ac  Pvth- 
\Uar  Science  MonlMy. 


The  Concepts  and  Theories  of  Modern  Physics. . 

By  J.  B.  SiALLO.     12mo.     Cloth,  $1.75. 

"  Jndge  Stollo's  work  is  an  Inquiry  into  the  validity  of  those  mechanical  conteptinna 
anivcrse  which  are  now  held  as  fuudami-iital  In  physical  scioncc.    He  takes  up  the  I^.-adln^  mode 
doclrlDee  which  arc  hai<ed  upon  this  mechanical  conception,  such  aa  the  atomic  cocslilutlou 
matter,  the  klucllc  theory  of  gases,  Ibe  conservation  of  energy,  tbe  nebular  hypothesis,  and  olhi 
views,  to  Und  bow  much  stands  npon  solid  empirical  groand.  and  howmnch  reata  upon  men 
pbyaical  epecniatton.    Since  the  appearance  of  Dr.  Draper's  '  Religion  and  Science,'  uo  tiook  ha« 
iHieii  published  in  the  country  calculated  to  make  so  deep  an  impression  on  thonghtfbl  and  edu- 
cated readera  as  this  volume.  .  .  .  The  range  and  minnlcncss  of  the  author's  lenmins.  tbe  acnte- 
ness  of  his  reasoning,  and  the  siuzuiar  precision  snd  clearness  of  his  style,  are  qualities  wbicb 
very  acldom  bave  been  Jointly  exhibited  in  a  <clen(iflc  treatise."— ..Veto  York  Sun. 

The  Formation  of  Vegetable  Mould, 

THROUGn  THE  ACTION  OF  WORMS,  WITH  OnSERVATlOXR  ON  THEIR 

UABIT.S.     By  Cii4KLES  Dxnwis,  LL.  D.,  K  B.  S.,  author  of  "  On   the  Ori^n   of 

SpecicB,"  etc.,  etc.     With  Illustrations.     12mo,  clotb.    Price,  ♦l.OO. 

"  Mr.  Darwin's  little  volume  on  the  habits  and  Instincts  of  earth-worms  Is  no  less  marked  t 
the  earlier  or  more  elaborate  efforts  i>f  his  genius  by  freshness  of  obsenolion.  iinriiiling  power 
tnlorpreting  and  correlating  Ihcts,  and  logical  vigor  In  generalizing  npon  them.  The  main  purpoM 
of  tbo  work  Is  to  point  out  tbo  share  which  worms  have  taken  in  the  fomiailon  of  the  layer  of 
vegetable  mould  wbicb  covera  the  whole  surface  of  the  land  In  every  moderately  bnnild  country. 
All  lovora  of  nature  will  unite  In  thanking  Mr.  Darwin  for  the  new  and  Interesting  light  be  has 
thrown  upon  a  enii]ect  so  long  overlooked,  yet  so  full  of  Interest  and  instruction,  as  the  slructor* 
and  the  labors  of  the  earthworm.'  —Saturday  lifviea. 

"  Respecting  worms  as  among  the  most  aeeftol  portions  of  animate  natntv.  Dr.  Darwin  tetol 
In  this  reranrkable  book,  their  structure  ond  habits,  the  part  they  have  played  In  the  bnrUI 
ancient  buildings  and  Ibe  denudation  of  the  land,  in  the  disintegration  of  r(icki>,  the  prcparalli 
of  soil  for  tbe  growth  of  plants,  and  Is  tbe  natural  history  of  tbe  world."— £M/on  Aititrturr. 


New  York:  D.  APPLETON  &  00.,  1,  8,  &  6  Bond  Street. 


SCIEIfTmC  PUBLICATIOIfS. 


SUICIDE : 

AK  Z88AY  IN  COMPARATIVE  MORAL  STATISTICS.     By  Hixnr  MoRflCLU,  Pro- 

fiMSor  of  PsyoliolOjfioal   Mudiciuo  in  the   Koyal   Univcreity,  Turin.      l:iuio,  cloth. 

Price,  «1.75. 

"  Suicide  "  is  u  scientific  inquin-,  on  the  biwis  of  the  rt«ti9tio»l  method,  into  the  l»w»  of 

euicidttl  i>h(.nomi'ntt.     Dealing  witfi  the  subject  as  »  branch  of  ».•.     '  '  '  '  r^tho 

increuBO  ulnuicidih  in  .lilfireut  countries,  and  tlie  comporiiton  ■!  "d» 

in  it«  mauifcsUitidn.     Tlie  influences  of  ajrc,  sex,  constitution,  >  tion, 

religion,  prevuilin),;  ideas,  the  elementa  of  ciianuter,  and  the  tcudeiiciLo  ol  linlijjtion,  are 

comiirtliensivclv  analysed  in  their  bcariu){  upon  the  propensity  to  »clfde»tnietiijn.     rro- 

feaaor  MorecUi  is  an  eminent  European  aulliority  on  this  subject.     It  i*  accompanied  by 

colored  maps  illuatratiug  pictorially  the  re.tults  ol  statistical  inquiries. 

VOLCANOES : 

WHAT  THEY  ARE  AND  WHAT  TOEV  TEACH.  By  J.  W.  Jirpn,  ProfeMor  of 
(Geology  in  the  Koyal  School  of  Mines  (Loudon),  With  Niuety-«LX  Illiuttiitioiu. 
12nio,  cloth.     IS.W. 

"  In  no  Held  has  modem  research  been  more  Crnitiiil  than  in  that  of  irhich  Profeaior 
Judd  gives  a  popular  account  in  the  present  volume.  The  (front  lines  of  dynamicn).  peoloiri- 
c»l,  and  metoopjlogicol  inquiry  oonvcrttc  upon  the  ^rand  pn>blera  of  the  interior  couiititution 
of  the  eartJi,  and  the  va«t  influence  of  subterranean  ajrenciea.  .  .  .  His  hook  i^  very  far 
from  beiii^  a  mere  dry  cleserintion  of  volcanoes  and  tlieir  eruptions;  it  is  rather  a  presenta- 
tinn  of  the  tem'Strial  facta  and  laws  with  which  volcanic  phenomena  are  associated." — thp- 
utar  SeUnta  Uontkly. 
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